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ABSTRACT 


It was found that ''allenyllithium" was a highly efficient 
reagent for the direct propargylation of alkyl, benzylic and 
allylic halides. In addition, the intermediate lithium 
acetylide allowed further functionalization to the propargyl 
alcohol or acetylenic ester. 

A general route for the preparation of arylboron dichlorides 
utilizing tetraaryl tin derivatives was devised. These organo- 
boron compounds upon reaction with ethyl diazoacetate afforded 
high yields of ethyl arylacetates. 

A new reaction was discovered in which ethers were shown 
to undergo alkylation in the presence of alkynylalanes and | 
aryldiazonium salts. 

The cyclization of a 6-olefinic ketone was achieved utilizing 
an electron transfer reagent. The reductive cyclization of 
unsaturated ketones was demonstrated to be a synthetically useful 
procedure for the preparation of complex molecules. A model 


for the C-D mit of gibberellic acid was synthesized. 
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A NEW VERSATILE AND DIRECT APPROACH TO PROPARGYLATION 


INTRODUCTION 


In the past two decades considerable effort has been dedicated 
to solving the problems associated with coupling reactions. 
Methods for coupling either a propargylic or allylic wit are 
especially important for the synthesis of molecules found in nature, 
particularly those of the isoprenoid type. In this introduction, 
the discussion will be limited to propargylic coupling. 

Basically, there are two approaches to the "propargylation" 
reaction: 

a) The coupling of a propargyl halide with an alkyl or an 


allylic organometallic, 


AM) XG HC =C-A oem Reet C=C 


M="Me, I, etc. 
b) Coupling of an alkyl or an allylic halide with a propargyl 


organometallic, 


Rake (= MC Ho Gee er ee H,C=C-H 
M=Mg, Li, etc. 


Early reports on the first method, utilizing propargyl bromide 


and a Grignard reagent, showed that complex mixtures of allenic, 
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acetylenic and metal halogen exchange products were formed, 1? 
Also, because of the presence of a terminal acidic proton in 


propargyl bromide, the acetylenic Grignard was also produced. 


H-C=C-G HBr + EtMgBr-———+C.H. + CoHLC H-G-O7he. + 


26 2 
C3HC=C-H + BrMgC=C-C HBr + 
CoHBr 


Recently, Arens and Brandsma” have shown that the main 
product obtained when the reaction is carried out at a low tempera - 


ture (-40°) is the allene. 


Cae Se 


C H,(C H,)¢C H.MgBr + H-CsC-C H, 


G H,(C H5) 4C H=C=C H, 
On the basis of these results, little hope exists for a success- 

ful propargylation reaction utilizing this methodology of coupling. 
Preliminary work based on the second approach was also not 


very encouraging due to the low yields and laborious separations 


required. Examples of earlier attempts are shown in the following 
4,5 


SS Br i 
+ H-CzC-C HMgBr ———+ I 
Ref.4a 


20% (impure) 
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H,C=C H-C HBr + H-C=C-C H,MgBr——>H-C=C-C H 


2 2 CHC H=C H 
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+ HC=C=C/H-C HoCrH=C H 


Z 2 2 
35% 
Ref. 4b 


Although varying the reaction conditions has somewhat improved 
the outcome of this approach, nevertheless the formation of 
allenic material has not been avoided. Moreover, the desired 
acetylene is extremely difficult to separate from the mixture’, 
unless it is transformed into a derivative which can be separated 
from the allene. | 

The latter method has recently been modified in two different 
ways. 

In the first, a blocking-deblocking procedure reported by 
Corey and Kirst”, the formation of the allene is minimized by 
making use of a new reagent, 1-trimethylsilylpropynyllithiun. 

The trimethylsilyl group, presumably because of steric 
hindrance and perhaps also due to electronic factors, avoids, to 
a great extent, the formation of the allene. Subsequently, 


deblocking affords the free acetylene in good yields. The entire 


sequence involves the following reactions: 


Me ,SiCl n-BuLi 
Gukl.€2Gi La C H,C=C-SiMe, ———— LiC H,C=C-SiMe, 
3 TMEDA 
+ = 
Rex Ag /CN 


RG H,C=C-SiMe RC H,C=C-H 
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This method has been applied successfully in the total 
synthesis of several natural products. For example, an important 
sequence in the synthesis of Cecropia juvenile hormone is illus- 


trated below. !? 


p TREE be 
em cae Il 
G Lic HC=C-SiMe, | 
2 Ae LONG 
80% 


The second modification was devised by Ireland and coworkers . 22. 


This method utilizes both the ''old' procedure (z7.e., reaction of 

the Grignard reagent of propargyl bromide with a halide) in concert 
with the Corey-Kirst” trimethylsilylation procedures. Thus, the 
crude alkylation reaction mixture is first treated with ethyl- 
magnesium bromide (which acts as a base), then trimethylchlorosilane 
is added to form the silyl derivative of the alkyne. The separa- 
tion is carried out and the propargylated product can be regenerated 


using the same Arens procedure utilized by Corey and Kirst.” 


R-X +. H-C=C-C HMgBr — | R-c HC=C-H + ak-G H=C=C H, | 


Lr. EtMgBr- Separation Ag’ 
poate. LAER Met eee R-C.HoC2C-H 
a - 2 
Zs Me,S1C1 CN 


One application of this method is illustrated for the synthesis 


of an enediyne, 
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This concept was also employed by Katzenellenbogen and 
coworkers® in a synthesis of the tetrahomoterpene isolated from 


the codling moth. 
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Although some of the procedures discussed earlier have found 


use for propargylation, they are nonetheless multi-step processes, 
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and it would be highly desirable to find a one step method for 
such a tranformation. 


In 197014 


» F. Jaffe reported the formation of allenyllithium 
by metalation of allene using n-butyllithium in tetrahydrofuran. 
The chemical properties of this new organometallic were investigated 
for silation and 1,2-addition to benzophenone. 

The purpose of the research undertaken here was to investigate 


the nature and the synthetic potential of this new organometallic 


compound as a possible propargylating reagent. 
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RESULTS AND DISCUSSION 


Allene has been the subject of extensive study presumably 
because of its interesting molecular structure. In spite of the 
fact that many physical and chemical properties of allene are 
known, no specific investigation has been undertaken to determine 
the pKa of this hydrocarbon. 

Prototropic rearrangements of allenes with bases such as 
sodium amide or potassium hydroxide?“ tend to indicate that 
allenic hydrocarbons possessing terminal C=C H, units are relatively 
"acidic". 

Jaffe! has shown that when allene is allowed to react with 
n-butyllithium in tetrahydrofuran at aes allenyllithium is 
produced, and furthermore suggested that as a result of this facile 


metalation, the pKa of this hydrocarbon is comparable to that of 


C H,=C=C H, + n-BuLi GH,=GCHED 


2 2 -50° 2 


fluorene (pKa 23). 


When the metalated allene was allowed to react with trimethyl- 
chlorosilane, both the allenyl and the propargyl silanes were 


obtained (in unstated yields). 


=U-G HSiMe + 


C H,=C=C HLi + Me,SiCl C H, 


H=C=eC=€ H,S1Mez 
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Furthermore, the addition of allenyllithium to benzophenone 


afforded the propargylic alcohol in 70% yield. 


o) Dd 

I i 
@-C—-P + H,C=C=C Li H-CzC-C H, -C-OH 

| 

d 


However, no investigation was undertaken concerning the 
reaction of this organometallic towards alkyl or allylic halides. 

The purpose of the present investigation was to explore the 
chemistry and synthetic scope of alkylation reactions of allenyl- 
lithium. 

Metalation of allene under the same conditions reported by 
Jaffe!) (tetrahydrofuran/n-butyllithium, -50°), followed by the 
addition of n-heptyl iodide (molar ratio of RLi/R'I = 2.5) and 
slow warming to room temperature led to the consumption of all the 
starting halide and formation of the corresponding allene (20% 
yield )and the acetylene (16% yield). Also, a volatile material, 


presumably 1-heptene was detected by gic. 


C H,=C=C H,/n-Buli 
C H,(C H,) .C HI SC H,(C Hy) .C HC HC=C-H 


uae ae: H,(C H,) .C HC H=C=C Hy 


Apparently allenyllithium in tetrahydrofuran behaved primarily as 


a base and elimination rather than substitution took place prefer- 


entially. 
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When the reaction was repeated using N,N,N',N'-tetra- 
methylethylenediamine (TMEDA) as an additive in an ether/hexane 
solvent system, a similar product distribution was obtained 
(although not all of the starting material was consumed). 

These results indicated that polar coordinating media, such 
as THF or TMEDA, which are known to ''free'' anions from the 
corresponding gegenanion?” promoted formation not only of elimina- 
tion product, but rearranged allenic product as well. 

As a result, a study of the metalation-alkylation of allene 
was next undertaken in a ieee polar solvent system. Ether was 
initially chosen as solvent, and since commercial n-butyllithium 
in hexane was being employed, a 1:1 ratio (by volume) of ether: 
hexane was utilized merely for Soprsnst tes 

The reaction of n-butyllithium and allene in a different 
_ solvent system posed the problem of determining the extent of the 
metalation at several temperatures. It was especially important 
to find the point at which none of the starting n-butyllithium 
remained (t.e., when the metalation was complete). 

It is well known that alkyllithium compounds in the presence 
of alkyl or allylic halides undergo metal-halogen exchange’. 
The result is the formation of three possible products, as 


illustrated in the following equations: 
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There are several methods available in the literature to determine 
the presence of alkyllithiums. Among the best known is the Gilman 
test), However, the Gilman test does not permit the differentia- 
tion between two organolithium reagents in a mixture. Thus, it 
was decided to employ a method that would transform n-butyllithium 
into a derivative, and hopefully, at the same time learn more 
about the chemistry of allenyllithiun. 

Alkyl, vinylic and aryllithium compounds readily react with 
cuprous iodide to form an "'ate complex" (cuprate)!®. House and 
coworkers have demonstrated that these cuprates react under very 


mild conditions with conjugated enones via 1,4- addition?®, 


Ze, eS Crh ————* R,CuLi cee eal 


Consequently, this method was chosen for the study of the 


metalation of allene. If an enone such as 2-cyclohexenone were 
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utilized, the presence of m-butyllithium could be detected by the 
formation of 3-butylcyclohexanone. At the same time, the products 
arising from allenyllithium would give an indication of the 


chemical reactivity of this organometallic. 


2 n-BuLi + Cul ———+ (n-Bu) ,CuLi +a eat 


O O 
(n-Bu),Culi + @ ail nib al C) 
n-Bu 


Allene and n-butyllithium were mixed at -78° in hexane/ether 
(1:1) and then warmed to -50°. At this point cuprous iodide was 
added, the mixture was stirred for 30 minutes, then cooled to 
-78° and treated with 2-cyclohexenone. Analysis by glc revealed 
the exclusive formation of 3-butylcyclohexanone, a clear 
indication that allene does not undergo appreciable metalation 
at this temperature. 

The same procedure was repeated, but this time the tempera- 
ture of the mixture was allowed to increase to -30°. Three 
products were obtained on this occasion: 3-butylcyclohexanone, 


1-(2-propynyl) -2-cyclohexen-1-01, and 3-(2-propyny1) cyclohexanone. 
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The formation of products containing the propargylic unit 
demonstrated that allene did undergo metalation under these 
conditions, however, the presence of 3-butylcyclohexanone indicated 
that the metalation of allene was incomplete. 

In another run, the mixture of allene and n-butyllithium 
(-50°) was allowed to warm to yg whereupon a white precipitate 
formed. This suspension was stirred for 15 minutes at -15° and 
the same procedure using cuprous iodide and 2-cyclohexenone was 
followed. This time 3-butylcyclohexanone was absent and only the 
1,2- and 1,4-addition products, resulting from propargyl group 
migration, were present. These results showed that under the 
aforementioned conditions the n-butyllithium was totally consumed. 
Subsequently these conditions were used for the alkylation reac- 
tions. 

Addition of n-heptyl iodide to the mixture of metalated 
allene (at 26-4 RLi/R'I = 3.1) and slowly warming the resulting 
mixture to room temperature resulted in the formation of 67% of 
1-decyne and 23% of starting iodide. There was no evidence (ir 
or nmr) of allene formation. 

In a repetition of this experiment, it was found that a 
ratio of RLi/R'I = 5 was necessary to consume all the starting 
halide. This resulted in the formation of 93% (glc) yield of 
1-decyne (after a seven hour reaction period at room temperature) . 


n-heptyl iodide 


C H,=C=C H, + n-BuLi 1-decyne 
é ‘ 933 
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The propargylation of benzylic and allylic halides, a most 
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interesting problem from the synthetic point of view, was next 
examined. 

Straight chain terminal acetylenes are usually synthesized 
by interaction of the corresponding alkyl halide and sodium or 
lithium acetylide. However, attempts at coupling alkali metal 
acetylides with homoallylic or homobenzylic halides to produce 
1,5-enynes has been proven to be generally inefficient, due 
to the tendency of these systems to undergo elimination! /»18>19) 

The reaction of benzyl chloride with metalated allene was 
found to be faster than the corresponding reaction with n-heptyl 
iodide. After forty minutes, the starting material was completely 
consumed with concomitant quantitative transformation to 
4-phenyl-1-butyne. Also, the RLi/R'X ratio, necessary to achieve 
this result, was considerably smaller than in the case of 
n-heptyl iodide, namely 3.5. 


C Ho=C-c H,/n-BuLi 


: CzC-i 


®-C HCl oc HAC Hy 


100% 


Allylic halides, such as geranyl chloride, behaved in a 
manner comparable to benzyl chloride. No evidence of Sy2! 


attack, isomerization of the double bond or allene formation 


could be detected. 


92% (isolated) 
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Also, 1,3-dichloro-2-butene, was propargylated in 80% (glc) yield. 


Z 
Cl <i 


Cl pad 


In order to ascertain whether the lithium salt or the free 
acetylene was present at the end of the reaction, deuterated water 
was used to quench the mixture using benzyl chloride as alkylating 
agent. Complete deuteration of the terminal acetylenic product 
was obtained, demonstrating that the lithium acetylide was the 
intermediate prior to hydrolysis. 


C.faC-C H,/n-BuLi 


2 


@®-C HCl @-C HAC H,C=C-Li 


Z 


DO 
C=C-D 


@®-C HAC H, 


The attractive possibility for further functionalization of 
this intermediate, either by treatment with paraformaldehyde to 
form the corresponding propargyl alcohol or with ethyl chlorofor- 
mate to give rise to the acetylenic ester, also proved to be 
successful. In this way, the important precursor in the synthesis 
of farnesol” and sirenin was obtained au in 83% yield (isolated) 


from geranyl chloride without isolation of intermediates. 
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Ethyl chloroformate was employed in the propargylation of 


benzyl chloride and the corresponding ester was isolated in 80% 


yield. 
C100,Et 
@®-C HCl (eG 0 F079 5 BN Oe GES ee eraee 7 a 
2 2G 2 
@-C HC H,C=C-CO,Et 
80% 


On the basis of these results, it is apparent that this 
new reaction represents a highly efficient, Baavns ateanacsdttes 
for effecting the direct propargylation of halides, without the 
usual problems experienced by other methods (allene formation, etc.) 
An additional advantage is the possibility of in sttu fumctional- 


ization of the terminal alkyne without isolation of intermediates. 


The Nature of the Propargylating Agent 


The most pertinent analogy to the present study is the partic- 


ular case of the Grignard reagent formed from either propargyl 
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bromide or allenyl bromide. 


C H,=C=C HMgBr 


eer 7 
B-U2C.G HBr 


Ze 


The respective Grignard reagents prepared from either halide 


show’ the same infrared absorption at 1878 cm), 


On this 
basis, the constitution of these reagents was believed to be 
identical and correspond to an allenic structure. 

More recently, the allenyl structure has been supported 


6 


by proton~™ and 750 nmr spectroscopy’. The absorption at a very 


& 
low field (208 ppm, relative to TMS, C H,=C=C HMgBr) in the 


2 
£3¢ nmr spectrum wunequivocably confirms the allenic structure 
for this Grignard reagent. 

Hydrolysis of a freshly prepared 'propargyl" Grignard reagent 
afforded an allene/propyne ratio of 4. This organometallic 
appears to be unstable, since either on standing or after a reflux 
period (in ether), the absorption band in the ir shifts from 1878 
to 1950 cn, At the same time, the ratio of allene/propyne 
obtained upon hydrolysis is reduced to two. Upon treatment of the 
reagent which was refluxed for 15 hours with acetone’, a 94% 
yield of the diol was obtained. 


These results have been interpreted in terms of a disproportion- 


; p 
ation of the mono- to the di-Grignard reagent. 
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Jaffe! has reported that allenyllithium shows characteristic 
ir absorption either at 1887 or 1894 cmt depending on the solvent 
in which it was prepared. Because these results were similar to 
those reported for the Grignard reagent of propargyl bromide, an 
allenic structure was assigned to the organolithium compound. 
However, this author did not consider that the dilithium salt of 
propyne also shows an absorption?“ at 1870 cmt, 

A brief investigation was undertaken to determine the nature 
of the reagent prepared in hexane/ether (1:1), which were the 
conditions used for the propargylation reaction. | 

For this study, n-butyllithium was mixed with an excess of 
allene with ether at -78°. On warming slowly to -20° a white 
precipitate appeared and the suspension was stirred for a certain 
period of time (see Table I). Vacuum was applied to eliminate 


excess allene and the sample was hydrolyzed with Dq0. The gas 


evolved was collected and analyzed. 


TABLE I 


Composition of the Gas Evolved Upon Hydrolysis 


of Metalated Allene 


Run Time (min) % allene % propyne 
1 10 28 De 
a 30 ol 79 


5 60 19 81 
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The results of the glc-mass spectral analysis for run 2 


are shown in Table II. 
TABLE II 


Deuterium Incorporation of Allene and Propyne 


from Run 2 
do d, d. 
Propyne . 27 73 


Allene 52 48 _ 


A sample taken from run 3 (after 30 minutes at -20°) was 
evaporated tn vaeuo to dryness. A portion of the solid obtained 
was hydrolyzed and the gas analyzed by glc. The gas was exclusively 
propyne. The ir spectra of this solid (nujol) showed a strong 
absorption at 1890 an”! 

In another experiment, the metalated allene was allowed to 
reach 25° and held at that temperature for 45 minutes. The 
mixture was cooled to =20°, evacuated, then hydrolyzed with D,0. 
The gas evolved was shown by gic to be 99% propyne (a trace of 
allene was present). The ir spectrum of the gas presented two 
important absorptions at 2600 and 2610 cm”! which probably corre- 
C=C-D (=C-D stretching) “>. 


sponds to DC H,C=C-D and C H 


2 3 
These results show that there is presumably more than one 


; O : 
species present in the mixture at -20°. The detection of allene-d, 


indicates that some allenyllithium exists, but because of the 
large proportion of propyne-d,, it is concluded that the main 


constituent is the dilithium salt, C3H4Li,. 
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The isolated lithium salt and the mixture which was allowed 
to warm to room temperature produced exclusively propyne upon 
hydrolysis. Similar behavior has been observed upon hydrolysis 
of the dilithium salt of propyne’. 

The detection of the allene-d, is probably due to the 
initial excess allene, since under the conditions at which the 
experiments were run it proved impossible to completely eliminate 
the excess allene. Also, it is possible that some allene-d, 
could arise by disproportionation of allenyllithiun. 

The presence of propyne-d, is explicable on the basis that 
allenyllithium may rearrange in part to propynyllithium. The 
existence of this salt was actually proved when the intermediate 
lithium acetylides were treated with paraformaldehyde. Small 


amounts of 2-butyn-1l-ol could be isolated. 


C H,C=C-D C HC-C=C HOH 
D0 (C H,0) 


C H,C=C-La 


| n-BuLi D,0 
C H,=C=C ae gna Hibiea C H,=C=C HD 
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Lye peg: 


D,0 a 
DC H,C=C-D RC H,CsC-Li 
(C H,0)_, C100, Et 
RC H,C=C-C H,0H RC H,C=C-CO,Et 
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Although the above results are rather complex, they nonetheless 
indicate that allenyllithium is not a stable organometallic as 
originally claimed. Very likely, it rearranges to some extent to 
propynyllithium and mainly disproportionates to C.H,Li,. 

These observations parallel those discussed previously for 
allenylmagnesium bromide. The latter reagent, on standing, dispro- 
portionates to the di-Grignard reagent and in part, also rearranges 


to the acetylenic organometallic’. 


C H,=C=C HMgBr ————>C H,C=C-MgBr + C,H, (MgB), 
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‘EXPERIMENTAL 
General Considerations 


Infrared (ir) spectra were recorded on an Unicam SP 1000 
Infrared Spectrophotometer. 

Nuclear magnetic resonance (nmr) spectra were run on a 
Varian A-60 or HR-100 Spectrometer. Unless otherwise stated, 
carbon tetrachloride (CC1,) was employed as the solvent with 
tetramethylsilane (TMS) as the internal reference standard. 
Chemical shifts are reported as 6 values relative to TMS = 0. 
The following abbreviations were used in the text: s = singlet, 
d = doublet, t = triplet, and m = multiplet. 

Mass spectra were recorded on an AEI Model MS-2 or Model 
MS-9 Spectrometer. Spectra are reported in the following fashion: 
m/e = peak mass (relative intensity). 

Quantitative gas liquid chromatographic (glc) analyses were 
performed on Varian Aerograph Series 1200 and 1400 instruments 
versus a reference solution of the authentic compounds, using a 
colum packed with 20% DEGS on Chromosorb W. Preparative gc work 
was performed on a Varian Aerograph A-90-P3 instrument using 20% 
DEGS on Chromosorb W, 10’ x %". 


Refractive indices were measured on a Bausch and Lomb Abbe - 


3L Refractometer. 


All operations were carried out under an atmosphere of 


: 24 
oxygen-free nitrogen . 
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The concentration of commercial n-butyllithium in hexane 
(Foote, 1.5-1.6M) was determined by titration with 2-butanol 
25 


in xylene Allene (Matheson) was more than 99% pure. 


The Reaction of Allene and n-Butyllithium in the Presence 


of N,N,N',N'-Tetramethylethylenediamine Followed by the 


Addition of n-Heptyl Iodide 


To a solution of n-butyllithium (33.1 ml, 50 mmole, 1.51M) 
was added a solution of TMEDA (5.81 g, 50 mmole) in 20 ml of ether, 
maintaining the temperature below 25°, The mixture was cooled to 
-50° and allene (3 ml, c a. 50 mmole) was distilled into the flask. 
Towards the end of the distillation a white precipitate appeared. 
Stirring was continued for 10 minutes and then the temperature 
was slowly increased to -20°, A solution of n-heptyl iodide 
(9.04 g, 40 mmole) in 20 ml of ether was added dropwise. At this 
temperature an aliquot was analyzed by glc (60°). Only starting 
material was present. The temperature was allowed to increase to 
25°, After 30 minutes, the mixture was poured into ice-water and 
extracted with ether. The organic extract was washed with dilute 
hydrochloric acid, brine, and dried over NaSO). Analysis by 
glc showed the presence of 50% starting material. Also, 1-decyne 
was present in 15% (identified by peak enhancement), and another 
component with a very close retention time, in 20% (relative areas). 
Preparative glc (60°) afforded a mixture of 1-decyne and the 


unknown compound. This mixture showed ir absorption (liquid filn) 
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(C-H=C=C-H,). Based on these spectroscopic data the allene 


was inferred to be 1,2-decadiene. 


The Reaction of Allene and n-Butyllithium in Tetrahydrofuran 


Followed by the Addition of n-Heptyl Iodide 


To a cooled solution (-40°) of n-butyllithium in hexane 
(33 ml, 50 mmole, 1.52M) and 30 ml of tetrahydrofuran, allene 
(3.5 ml, ¢ a. 58 mmole) was added, at -50°. No precipitate 
was formed at -50°. Upon cooling the mixture to -55° a white 
precipitate appeared. Stirring was continued for 20 minutes, 
then a solution of n-heptyl iodide (9.04 g, 40 mmole) in 15 ml 
of THF was added over a period of 20 minutes. The temperature 
was allowed to increase slowly. At -10° an aliquot was analyzed 
by glc (60°). Less than 5% of starting material was present. 
The mixture was poured into ice-water, saturated with NaCl and 
extracted with ether. The ether extracts were combined and 
washed with brine and dried over Na,S0, . Analysis by glc 
showed the presence of a volatile material with the same retention 
time (peak enhancement) as l-heptene. Also, 1-decyne was present 
in 16% yield as well as another component that showed the same 


characteristics as described above (19%, relative areas). 
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(1:1) Solvent System 


To a cooled (786) solution of allene (c a. 6 ml, 100 mmole) 
in 50 ml of ether was added 48 ml of a 1.52 M solution of 
n-butyllithium (73 mole) in hexane over a period of 30 minutes. 
The solution was Sat waliaica to warm (without removing the 
bath) to a5 4 (about 30 minutes) and then stirred for an additional 
15 minutes (a white suspension formed). 

This mixture was used for the alkylation of n-heptyl iodide 
using different RLi/R'I ratios. The results are summarized in 
Table III, and the best result (entry 3) is described in detail 


below. 


TABLE III 
The Reaction of Allene with n-BuLi 
Followed by Addition of n-Heptyl Iodide 


Entry RLi/R'I 1-Decyne (%,glc) mn-Heptyl Iodide (%,glc) 


1 5a 67 23 
2 BP7 83 1G 
3 5.0 95 0 


Synthesis of 1-Decyne 


To the mixture prepared above, at aGGr n-heptyl iodide 
(3.39 g, 15 mmole) in 10 ml of ether was added over a period of 


15 minutes. After seven hours of stirring at room temperature, 
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Lice 
the reaction mixture was poured into ice-water and extracted 
with ether. The ether layers were combined, washed with brine 


and dried over Na,SO, . Glc analysis (60°) showed the formation 


of 95% of 1-decyne. The solution was concentrated at atmos- 


pheric pressure. Fractional distillation provided pure 


6 


1-decyne (1.83 g, 88%), bp 104-105° (92 mm) (1it.*° bp 174%, 


ne 
D 


to an authentic sample. 


1.4267 (1it?° n°? 1.4265); the nmr and ir were identical 


General Preparation of the Propargylating Reagent for the 


Reaction with Allylic and Benzylic Chlorides 


To a cooled ke7ee) solution of allene (c a. 4.5 ml, 75 mmole) 
in 35 ml of ether, 34.5 ml of 1.52M n-butyllithium (52.5 mmole) 
was added over a period of 30 minutes. ‘The mixture was slowly 
allowed to warm (without removing the bath) to -15° and then 


stirred for 15 minutes at this temperature. 


General Work-up Procedure 


The reaction mixture was poured into ice-water, saturated 
with sodium chloride and extracted with ether. The organic 
extracts were combined and washed with saturated ammoniun 


chloride solution, brine,and dried over Na,SO, . 
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Synthesis of 4-Phenyl-1-butyne 


To the propargylating reagent (prepared as described 
above), at a al a solution of benzyl chloride (1.9 g, 15 mole) 
dissolved in 10 ml of ether was added over a period 15 minutes. 
Then the temperature was slowly increased to 25°, After one 
hour the mixture was worked up in the usual way. Glc analysis 
(60°) indicated a 93% yield of 4-phenyl-1-butyne. A small 
sample was purified by evaporative distillation (114-115°, 


n. 1.5229 (1it.27 12° 1.5212) ir (Liquid film): 3300 


66 mm). n 
(CZC-H), 2120 (C=C), 1605 (aromatic), 750, 700 cm! (mono- 
ay 274 he Gee eon 


nae ian, 2H) C #C=C H, 1.82 (m, IH) C=C-#. When the’ reaction 


SUbsta tution): nme s) 6 7218 (s? SH) CoH 


was repeated but quenched with D,0, the 1-deuteroalkyne was 
obtained, ir: 2592 on? (C=C-D); mmr : complete absence of 


the absorption at 6 1.82. 
Synthesis of 5-Phenyl-2-pentyn-1-ol 


A solution of benzyl chloride (1.9 g, 15 mmole) in 10 ml of 
ether was added dropwise to a cooled (<35-) solution of the 
propargylating agent (RLi = 52.5 mmole) and then the temperature 
was allowed to increase to 25° (without removing the cooling 
bath). After one hour, paraformaldehyde (2.0 g, 66 mmole, dried 
over P40.) was added all at once and the mixture was stirred 


overnight. The white suspension was worked up in the usual way 
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and the solvent was removed at atmospheric pressure. Fractional 
distillation of the residue afforded a low boiling fraction 
(50-60°/8 mm). Several components were present and the major 


one was isolated by preparative glc Giz0%). This was identified 
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film) 3350 (OH), 2300, 2230 (C=C), 1020 cm (-H)C-OH); nmr : 


as P2=butyn-T-olyin, 91 54665 (1it. 1.4670), ir (liquid 
6 4.15 (broad singlet, 2H) C HOH, 3.65 (broad singlet, 1H) O-z, 


L. E54( 05 oJ 5 22 Hh SH) °C HH The fractional distillation was 


a 
continued. At 111-112°/0.08 mm, 1.92 g (80%) of 5-phenyl-2- 

pentyn-1-ol was obtained, n/? 1.5484; ir (liquid film) 3300 (0H), 
2290, 2230 (C=C), 1608 (C,H,), 1020 (C H,0H), 750 and 705 cm! 


(CH); mutes (2120s; SH) CoH 4512) (im, 2H) HOH, Zara 


5? 
(partially resolved triplet) O-H, 2.72 (m, 2H) CHC H>, ZeA5 
GpeeZED E HC=C; mass spectrum m/e: 160.0869 (Caled.: 160.0888 
00, C5 4H) 9) » 1592) 42023), 22911 2)-216(4). SLC00) y 77 (3), 
65(19)8 6365) F751 (9) 9 p39G15), 029 CS) prdwal aca tednstor C,H, 50: 


C, 82.46; H, 7.55. Found: C, 82.70; H, 7.41. 


Synthesis of Ethyl 5-Phenyl-2-pentynoate 


A solution of benzyl chloride (1.9 g, 15 mmole) in 10 ml 
of ether was added to the propargylating reagent (RLi = 52.5 mmole, 
prepared as described above) at ahSCy over a period of 15 minutes. 
The mixture was warmed slowly to room temperature, and one hour 


later was cooled to -78°. Ethyl chloroformate (freshly distilled, 


40 g, 0.37 mmole) was added dropwise over a 30 minute period. The 
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temperature was gradually allowed to increase to 25° (3 hours). 
Work-up as previously described, and removal of the solvent at 
atmospheric pressure afforded a residue that was distilled under 


reduced pressure. There was obtained 2.43 g (80%) of ethyl 


20 
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(thin. film) °2240_ (C2€) j ‘1715. (C=0) ,. 755»and: 705 (CyH.) 5 nmr: 


5-phenyl -2-pentynoate, bp ies se Ch WO. om) oie ole SZ EO aie 


Fe ee til, 


C HC Ho, del Sa(h JdeHatvhzenSH)4e Hz; mass spectrum m/e: 202.1001 


(Caled. for Cy gH, 40,: 


66(17), 51(10), 39(9), 29(12). Anal Caled. for C,H,,0,: C, 77.20; 


a0 7.7 (35) SH) #e,°4.08 (gq, J = 7 Hz, 2H) -0-C # 
202.0994), 157(12), 129(37), 91(100), 
H, 6.98. bund: C, 77.50; H, 6.92. 


Synthesis of (E)-2,6-dimethyl-2,6-undecadien-10-yne 


(Homogeranylacetylene) 


To a stirred suspension of the propargylating reagent 
(52.5 mmole, prepared as described above), at s15°% was added a 
solution of geranyl chloride (2.59 g, 15 mmole), in 10 ml of 
ether over a period of 10 minutes. Then the temperature was 
allowed to rise slowly to 25°, After one hour the mixture was 
worked up in the usual way. Elimination of the solvent was carried 
out at atmospheric pressure. Fractional distillation afforded 
2.44 g (bp 101-103°/10 mm) of homogeranylacetylene (92%) ; ni 
1.4715; ir (thin film): 3320 (=C-H), 2120 (C=C), 1670 (C=C); 
nie 47 605.32 (nm, 72H) €C Hz) 4C-C H and C H,C-C Hz=C H-CH,, Lo2>.- 
2250, SH) 835(C=C-C Ho) and C H»C=C, 15 78" GP Oh) NG=C=F eel65. 


1°64 55 1-62.(S,578, 9H) 3(C-C-6 Hz); mass spectrum m/e: 176.1572 
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(Caled. for C,,H,9: 176.1565), 176(3), 161(10), 133(11), 105(9), 
SSCL eI GIS) ist (11) 79 (14)y 779), 6913) 9 55011) 53(14), 
41(83), 39(23), 29(15). The nmr and the mass spectrum were in 


agreement with the reported literature?” values. 
Synthesis of (E)-7,11-dimethyl-6 ,10-dodecadien-2-yne-1-o01 


A solution of geranyl chloride (2.59 g, 15 mmole) in 10 ml 
of ether was added (at 152) dropwise to a suspension of the 
propargylating reagent (52.5 mmole, prepared as described above) 
Over a period of 15 minutes. The temperature was allowed to 
increase slowly to 2s?) and after one hour 2.0 g of parafom- 
aldehyde (66 mmole, dried over Po0-) was added all at once. The 
mixture was stirred overnight and worked up in the usual way. 
Elimination of the solvent at atmospheric pressure afforded a 
residue. Distillation provided 2.55 g (83%) of the title compound 
(bp 115-116°/0.5 mn; bulb to bulb, 140°/0.2 mm). np? 1.4948; 
ie (thin film) 3560" (G4), 2500 and: 2230 (C=C), 1675 *(C-C),, 1020 
(C H,0-H) ; Hine smests We, °ZA)y tc H,C-C H,=C H-C H, and (C Hz) C=C-H, 
4.15 (broad singlet, 2H) C HOH, SeLseim, WIA) OFNEY 1. OF -82.23 
(m, 8H) 3(C=C-C H») and C=C-C H,, W685 -lt0Sy LVGlM (ses sss oH) 
3(C=C-C Hz); mass spectrum m/e: 206.1668 (Caled. for C, gH, 0: 
206.1671, 1it29: 206.1664), 173(5), 105(7), 91(15), 81(16), 
69(100), 67(16), 53(13), 41(75), 39(20). Anal Caled. for Cy 4H, 0: 
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Synthesis of 2-Chloro-2-hepten-6-yne 


To a stirred suspension of propargylating reagent (52.5 mmole), 
at -15°; a solution of 1,3-dichloro-2-butene (1.88 g, 15 mmole) 
in 10 ml of ether was added dropwise over a period of 15 minutes. 
The mixture was allowed to warm to room temperature and worked up 
in the usual way. Analysis by glc (60°) indicated an 80% yield 
of 2-chloro-2-hepten-6-yne. An analytical sample was isolated 
by preparative glc (60°); no 1.4635; ir (thin film) 3310 (=C-H), 
2130 cn + (C=C); nmr: 6 5.55 (m, 1H) C=C z, 2.3 (m, 4H) C BOLE, 


2:1 (d, J = 1.7 Hz, 3) CeC-C #,, 1.83 (m, 1H) 2C-#; mass 


ae 
spectrum m/e: 128.0391 (Caled. for CHy°°Cl: 128.0393), 130(6), 
128(18), 113(5), 93(67), 91(46), 89(100), 77(23), 65(9), 63(6), 

53(97), 51(15), 43(10), 27(33). Anal Caled, for CHyCl: C, 65.38; 


eee WU Cle 2h oOw ond: 9 C. -Oo.45.: He 0209: Cll 477.30; 
Deuteration Experiments 


The experiments were carried out utilizing the propargylating 
reagent described above for the reaction with benzyl or allylic 
chlorides. The mixture, at 70e. was stirred for a certain length 
of time (see Table I, page 17). The excess allene was removed under 
vacuum (5 mm for 5 minutes). D,0 was added ( 3 ml, 0.15 mmole) and 
the gas was collected until the pressure equalized to atmospheric 
pressure. The gas was analyzed by glc (Adiponitrile 25% on 


Chromosorb W, 25 ft., at 25°) and mass spectrometry (8 ev.). The 
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handling of the evaporated sample of propargylating reagent 
was conducted in a dry box. Nujol was used for the ir 


determination. 
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SYNTHESIS OF ARYLBORON DICHLORIDES 
AND THEIR REACTIONS WITH ETHYL DIAZOACETATE 


INTRODUCTION 


Recently a great deal of interest has been devoted to the 
application of arylboron dichlorides in organic synthesis. 
H. C. Brown and covorkers have demonstrated that phenylboron 
dichloride may be used to exclusively transfer the phenyl 
group upon reaction with iodoazides, and such transformations 


have led to efficient stereospecific synthesis of N-arylaziridines. 
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Unlike methods available for preparation of alkylboron 
dichlorides, aryldichloroboranes can not be obtained by direct 
: 4 
hydroboration procedures. For example, Brown and Ravindram 


have reported that olefins are readily hydroborated by dichloro- 


borane, leading to the formation of alkylboron dichlorides in 


high yield. 
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RC H-C H, + HBC1, RC HC H,BC1, 


This manner of forming a carbon-boron bond by hydroboration 
is not applicable to aromatic substrates (and would imply a benzyne 
type of starting material); thus the target of synthesizing 
arylboron dichlorides has been approached primarily in three dif- 
ferent ways: 

1) The reaction between aromatic hydrocarbons and boron 

trichloride. 

2) Halogenolysis of an oxygen-boron bond. 

3) The interaction of orga@ometallic compounds with boron 

trichloride. 

The reaction of aromatic hydrocarbons and boron trichloride 
was initially reported by Pace in 1929°°, Phenylboron dichloride 
was prepared by interaction of benzene and boron trichloride 
over palladium at 500-600°, but the yields were not reproducible. 


500-600° 
Sa + BCL 


PBC1 eres OM 
B, Pd 2 


Replacing palladium by aluminun, Muetterties”” was able to 


carry out the reaction in sealed tubes at 12021505 . 


Sener e+) AL +. <3 BC1, ———+ ArBC1, + AlCl, #15 Hy 


Phenylboron dichloride was obtained in yields of 60-80%. 


However, when substituted hydrocarbons were sed. (te, Coluene), 
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mixtures of the positional isomers were produced. 

Boronic esters and anhydrides have also been used to prepare 
arylboron dichlorides by treatment with boron trichloride. 
Although high yields have been reported in some cases, Gerrard 
and coworkers °° describe this method as not being simple. For 
example, the reaction between boron trichloride and phenylboronic 
anhydride only produced yields in the order of 30-40%. Apparently 
the reaction is reversible, viz., 


( ®-B=0) , to Dal. i ODO SSRC1O 


3 2 


The reaction of boronic esters and anhydrides with phosphorus 
pentachloride also affords arylboron dichlorides. > However, 
this method is disadvantageous in that phosphorus oxychloride 
forms an addition complex with phenylboron dichloride. As a 
result, it is difficult to separate the desired pure arylboron 


dihalide. 
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( $-B=0) , =e, PCl, 3 PBCl, 5 a) POC1, 
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The reaction of other organometallic compounds with BX, has 


been the method most widely utilized for preparing arylboron 


, : eoumos 
dihalides. Diphenyl mercury was first used by Michaelis” ’*~” to 
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prepare phenylboron dichloride; nevertheless the yield was low. 
?Hg + POs ae tt a ee PBCI, + HgCl 


39 
More recently, Gerrard and coworkers have improved and 
extended this reaction by using arylmercuric halides. Yields 
varied from 40 to 75%. 
AeHeGlete BEl 


ArBCl., + HgCl 


3 2 2 


The use of organotin compounds for the synthesis of 
organoboron dihalides was first applied in 1959 by Bruickman and 
Stone. 17 Vinylboron dichloride was prepared according to the 
following equation: 


£6 H=C H) ,Sn ne 21 BCs = sae eZ AC H=C H) ,SnC1 a 


3 2 


Zz C H5=C HBC1, 


Z 
This methodology has been extended for the synthesis of 

alkyl and arylboron dichlorides. Depending on the ratio of the 

tin compound to boron trichloride, two, three, or four groups can 


be replaced. 


R,Sn 1) BC1, pas ee RBC + RSnC1, 


RySnety 4 BClg-———>—— 4 BCL y+ *SnCly 
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In most cases a maximum of three groups can be replaced, 
depending on the solvent used. 7 Gerrard and his associates”° 
were able to replace all four groups of tetraphenyl tin when the 
reaction was carried out in the absence of a solvent, but the 


scope of this procedure was not further explored. 


$,Sn ye oe RCL SnCl, 

The method of Gerrard3® (absence of solvent) seemed to be 
the most promising, because of the good yields and also because 
organotin compounds are readily available, easily stored, and can 
be handled in the atmosphere without appreciable oxidation or 
hydrolysis. 

As part of the investigation undertaken here, the possibility 
of generalizing the method of Gerrard was examined. Indeed, the 
procedure proved to be widely applicable, making this method an 
excellent route for the preparation of arylboron dichlorides. 

The reaction of organoboranes with substituted diazocompounds 
represents a very useful, novel procedure to obtain ketones, 


esters, nitriles, aldehydes and some of their o-deuterio deriv- 


; 42 
atives. 


R,B + NAC HZ R-C HAZ 


Z = COOEt, CN, C HO, COR' 


In general, organoboranes derived from terminal olefins react 
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smoothly with diazo compounds affording very good yields of the 
homologated products. Moreover, the migration of a secondary alkyl 
group (invariably present when the organoborane is obtained by 


hydroboration of terminal olefins), has never been observed. 


Cee obsess — OE) 
+ 
He 
C H,(C Hs 
: ee 
~< 


NC H-CO,Et 
2 2 C H,(C H.) ¢~CO,Et 


only product 


This feature represents a great advantage over other "homolo- 
gation'' reactions of organoboranes, in which the migration of a 
secondary group is preferred over that of the primary. In the lat- 
ter case, the product is contaminated with up to c a. 20-25% of the 


undesired isomer (resulting from migration of the secondary group), 


43. 
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Two limitations,however, are present in the reaction of 
diazo compounds with organoboranes. When the borane contains 
bulky groups, the reaction is very slow and low yields are 


obtained. 


36% 
eau Be N SG COCR te 
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Sa 3 


C,H, (€ Ha)af HC H,COOEt 


C Ho 


Gi Hz 

The other limitation is a common one for reactions 
employing trialkylboranes, namely, that only one of the alkyl 
groups is utilized effectively. As a result, a maximm yield 
- of only 33% can be achieved (based on olefin). This obviously 
becomes an important consideration when the alkyl groups of 
the organoborane are not readily available. 

Prior attempts in our laboratory to circumvent this problem 
by utilizing boronic esters proved to be unsatisfactory. This 
is possibly due to the decreased electrophilicity of boron in 


these derivatives by resonance contributions of the type: 
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As a consequence, the boron is not electrophilic enough to 


initially coordinate with the diazo compound, on 
AR! ) ONC HZ 
Rape + ONC HZ ‘ _OR' 
OR : R-Bo gp: 
Q 


Recent developments by H. C. Brown and his group have 
demonstrated that the use of B-alkyl-9-boracyclo(3.3.1)nonanes 
overcomes the problem of effectively utilizing only one oop >, 
Since in these derivatives, the B-alkyl rather than B-cyclooctyl 


bond migrates preferentially. 


Base 


Bak + Ci-C COB H,00,Et 


Good yields 


However, attempts to utilize this methodology for the reaction 
with diazo compounds resulted in the exclusive migration of the 
boron-cyclooctyl bond, in marked contrast with the aforementioned 


results4®, 


OH 
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B-R + NC HCO,Et oAl i ee 


C HCO,Et 
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More recently, a new class of mixed organoboranes has 
been employed, namely, dialkylchloroboranes. These compounds 
react with diazo compounds under very mild conditions exces 
and it was observed that bulky groups are also transferred 


efficiently. No chlorine migration was observed?’ , 
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The high reactivity of dialkylchloroboranes was attributed 
to the enhanced electrophilicity of boron induced by the electro- 
negative chlorine atom. 

The reaction between organoboranes with diazo compounds is 
believed “to proceed by an initial coordination seeplor the 
borane with the diazo compound, followed by concerted migration 


of the alkyl group with displacement of nitrogen. 


Q 9 
R,B + @N,C H-COOEt R3B-C H-COOEt 
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Pasto and Wojtkowski“® have shown that an intermediate such 
as A could not be isolated from the reaction between an organo- 
borane and a diazo ester. Instead, the rearranged product, an 
enol borinate B, was isolated and shown to be the intermediate 


prior to hydrolysis. 
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Enol borinates such as B are highly sensitive to water and 


hydrolyze rapidly to form the corresponding ester. 
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The reaction of dialkylchloroboranes with ethyl diazoacetate 
affords excellent yields of homologated esters. Although products 
resulting from the net migration en chlorine were not observed, 
this did not eliminate the possibility of an initial transfer of 


chlorine followed by displacement upon addition of a nucleophile, 


Lees 
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Thus, intermediates C and D or the corresponding enol 
borinates E and F (resulting from rearrangement of C and ps, 
respectively) could also give rise to the same product upon 


hydrolysis. This mechanistic subtlety has not yet been resolved. 
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Further investigation of the synthetic utility of '"mixed" 
boranes have led to the use of aryl and alkyl dichloroboranes. 
Recently these reagents have been applied to the synthesis of 


aziridines, and have proven successfuJ toward solving the problem 
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of effectively utilizing only the alkyl or aryl group in a mixed 


organoborane. 
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Before any of the aforementioned work with organohaloboranes 
was published, preliminary results utilizing phenyl boron 
dichloride’? were already obtained in our laboratories. Phenyl- 
boron dichloride was shown to react quantitatively with ethyl 
diazoacetate. It was then learned”? that the Purdue group 
was developing a synthesis of alkyldichloroboranes with a view to 
studying its reactions with diazo compounds. To avoid duplication 
of effort, a joint study was undertaken in which our group 
investigated the aryl and the Purdue group the alkyldichloroboranes. 

Arylboron dichlorides, now readily available in high yield 
by the reaction of tetraaryl tin compounds with boron trichloride 
in the absence of a solvent =n were allowed to react with ethyl 
ee aes It was found that the reactions proceeded under 
very mild conditions and excellent yields of ethyl arylacetates 


were obtained. 
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Arylboron dichlorides are excellent reagents to achieve 
selective transfer of the aryl group upon reaction with ethyl 
diazoacetate. 

Initially, several of the methods reported in the litera- 
ture for the synthesis of arylboron dichlorides were investi- 
gated. 

The halogenolysis of the B-O bond, utilizing boronic 
anhydrides and phosphorus pentachloride or boron trichloride, 
resulted in low yields. Also, when phosphorus pentachloride 
was used, complex mixtures were obtained. It was then decided 
to explore the generality of the method of Gerrard, which made 
use of tetraphenyltin and boron trichloride in the absence of 
solvents. 

The organotin compounds were prepared utilizing the conven- 
tional method of reacting the corresponding aryl Grignard 
reagent with tin hethanhaecideres These compounds were easily 


purified, crystalline and stable to air. 


R= CH,, Cl, ¢ 
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The arylboron dichlorides were prepared by mixing the tin 
compounds with boron trichloride at -78° and then slowly warming. 
At -5° an exothermic reaction took place, which was moderated by 
means of a cooling bath. The mixture was then refluxed and frac- 
tionally distilled under nitrogen to afford the pure arylboron 
dichlorides. In this manner several arylboron dichlorides were 


synthesized >! (see, Jabie 111). 


(C20, nF sncl, 


R=CH 


Cl, % 


3? 


TABLE III 


Reaction of Tetraaryltin Compounds 


with Boron Trichloride 


Substituent Isolated Yield(%) 
p-C H, 70 
p-Cl 85 
p-® 78 


Attention was then focused on the reaction of these compounds 


with ethyl diazoacetate. 
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Initial results obtained in our laboratories have shown 
that phenylboron dichloride reacts smoothly with ethyl diazoacetate 


in tetrahydrofuran at he. 


$-BC1, + NOC H-COOEt seeabe haan $-C H,COOEt 


The use of. tetrahydrofuran as a solvent was crucial for the 
success of this procedure. In diethyl ether as solvent the reac- 
tion was extremely fast and only low yields of product were 

. obtained. The reduced reactivity in tetrahydrofuran is probably 
a consequence of the greater coordinating power of this solvent, 


which competes with the diazo ester. 


6 Cl 
ie | | 


| 0 -BCl1 
Paxil ra ee : 
O® | 
( ) @ 0 
N,,C-H-COOEt 
@ 
N-C H-COOEt 
ex 
p ay, 


When the reaction between ®-BC1, and N,C H-COOC,H. was 
repeated under the same conditions previously reported”? (two 
equivalents of ethyl diazoacetate, in tetrahydrofuran, at 70m 
a 100% (glc) yield of ethyl phenylacetate was obtained. However, 
the isolation procedure was complicated by the fact that ethyl 


chloroacetate was also present in the product (arising from the 
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decomposition of the excess ethyl diazoacetate during the 
work-up) . 

When the reaction was repeated using a moderate excess 
(10%) of diazo ester, the formation of ethyl phenylacetate was 
quantitative and ethyl chloroacetate formation was less than 5% 
(glc) and completely absent in the isolated product. 

The reaction was then explored with several other arylboron 
dichlorides and the results were very similar to those obtained 
from phenylboron dichloride. A summary of the results is shown 


in Table IV. 


-N 
r()-20, + N,C-HCOOEt amen © easel 


TABLE IV 


Reaction of Substituted Phenylboron Dichlorides 
with Ethyl Diazoacetate 


Substituents glc yield(%) isolated yield(%) 


p-Cl 100 91 
p-C H, 100 95 
p-® 100 91 


H 100 98 
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Although the mechanism of this reaction has not been 
investigated in detail, a reasonable pathway can be formulated 
on the basis of the results obtained here and those observed 
by H. C. Brown and his ne 
The possibility of migrating an aryl group to form G 
or the chlorine to give H, exists in the case of phenylboron 


dichlorides as it does for dialkyl or diarylboron dichlorides. 


Cl 
Bling gs 0 ae 
OA B=C-G. 
B-C-C pe 
cl” | Sort Cl” yy (OEt 
G beng 


Subsequent methanolysis of the intermediate H, should result 
in the migration of the aryl group, formation of the enol 
borinate and finally the product. However, if intermediate H 


is unstable and rearranges to the enol borinate J 


gue 
Ct O-B 
Pe: 7 Nar 
pe, 
H OEt 
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the product after hydrolysis would be ethylchloroacetate. Obviously, 
methanolysis of G or the corresponding enol borinate, would give 
rise to the product (allylic or benzylic carbon-boron bonds are 


cleaved by protic compounds”) . 
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H. C. Brown and coworkers, in a parallel study with alkyl- 
dichloroboranes, found that mixtures of alkyl esters and ethyl 
chloroacetate are formed upon reaction with ethyl diazoacetate. 
Apparently the slight difference between the migratory ability 
of alkyl groups and chlorine, together with the fast and 
irreversible rearrangement to the enol borinate, afforded the 
aforementioned mixtures. This occurred at temperatures ranging 


from -78° to -25> and utilizing a variety of solvents (see 


Table V). 
wk 
Cl fast ql 9 Byoy 
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TABLE V 


Reaction of Alkyldichloroboranes with 
Ethyl Diazoacetate in Ethyl Ether at 62. 


Alkyldichloroborane "Homologated'' ester, % Ethylchloro- 


yield, % acetate 
n-Butyl 57 6Vs 
Cyclopentyl TE Ld 
3-Hexyl 60 26 


The data in Table V together with the results obtained with 
arylboron dichlorides suggests that the migratory aptitude is in 
the order of Ar>R>Cl. Such an order for aryl vs. alkyl has 
previously been observed in the rearrangements of Ptetonereares a 

In conclusion, the reaction of ethyl diazoacetate with aryl- 
borondichlorides provides a useful method for the synthesis of 
ethyl arylacetates. At the same time it represents a solution 
to the problem of efficiently utilizing only the organic group 


of a mixed organoborane. 
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~ EXPERIMENTAL 
General Considerations 


Mass spectra were recorded at 70 ev. on an AEI Model MS-9 
spectrometer. Spectral data are expressed in the following 
manner: m/e: peak mass (relative intensity). 

Infrared spectra (ir) were recorded using an Unicam SP 1000 
Infrared Spectrophotometer. Nuclear magnetic resonance (nmr) 
spectra were recorded on a Varian A-60 or HR-100 Spectrometer. 
Unless otherwise stated, carbon tetrachloride was employed 
as the solvent, and chemical shifts are reported in 6 values. 
The following abbreviations are used in the text: s = singlet, 
d = doublet, t = triplet, q = quartet and m= multiplet. Gas 
chromatographic (glc) analyses were preformed using an Aerograph 
A-90 - P-3 and a Varian Aerograph Series 1200 and Series 1400 
chromatograph versus a reference solution of the authentic 
compounds, utilizing as a colum: 10% FFAP on Chromosorb W. 

All the reactions were carried out under an atmosphere of oxygen- 
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free “ “nitrogen. 


Synthesis of Tetrakis (p-tolyl) tin 


To a solution of tin tetrachloride (14.7 ml, 33.2 g, 0.125 
mole) in a mixture of 200 ml of toluene and 300 ml of tetrahydro- 


furan, a solution of the Grignard reagent of p-bromotoluene in 
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- 52 - 
tetrahydrofuran (250 ml, 0.5 mole, 2M solution, from 85.5 g, 
0.5 mole of p-bromotoluene) was added at room temperature 
Over a period of one hour. The mixture was refluxed for one 
hour. After cooling the mixture to gue 10% hydrochloric acid 
was added. The crude hydrolysate was filtered, and the residue 
was washed several times with hot toluene. The two layers were 
separated, and the organic layer was washed with brine and 
concentrated to 300 ml. On cooling, the organotin compound 
began to crystallize. Methanol (100 ml) was added and then the 
mixture was filtered, affording 44.32 g (75%) of tetrakis (p-tolyl) 
tin, mp 234-235° Coen 230°); mass spectrum m/e: 484.1216 
(Caled. for CyHyg’"Sn: 484.1213). Anal Caled. for CygH,9Sn: 
CeOOrooPtGe5 664.9 Rounds C, 69268741) S094. 


Synthesis of Tetrakis (p-Chlorophenyl) tin 


A solution of the Grignard reagent of p-bromochlorobenzene 
in ether (500 ml, 0.5 mole, 1M solution, from 95.74 g, 0.5 
mole of p-bromochlorobenzene) was added to a solution of tin 
tetrachloride (14.7 ml, 3312 g, 0.125 mole) in toluene (500 ml) 
at room temperature. At the end of the addition (c a. 1 hour) 
the ether was distilled and the mixture was refluxed for two 
hours. The mixture was cooled to room temperature and a solution 
of 10% hydrochloric acid was added. The organic layer was filtered 
through celite and concentrated to 200 ml. Methanol (100 ml) was 


added, and on cooling the mixture in a Dry-Ice acetone bath, 
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- 53 - 
crystallization occurred. The mixture was filtered and the crystals 
washed with methanol to afford 41.15 g (58%) of tetrakis- 
(p-chlorophenyl) tin, mp 198-199° (1it. °° mp 199°). Mass spectrum 
m/e: 563.9043 (Caled. for C,H,,°°C122%sn: 563.9030). Anal 


24 16 4 


Caledafor C4 gH, C1 ,Sn: C, scO0 atl Seze8GsiChe,, 25M Meekdiee: ye; 
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Synthesis of Tetrakts (p-biphenyl) tin 


A tetrahydrofuran solution of the Grignard reagent of 
p-bromobiphenyl (500 ml, 0.5 mole, 1M solution, from 116.55 g, 
0.5 mole of p-bromobiphenyl) was added to a solution of tin 
tetrachloride (11.5 ml, 26 g, 0.1 mole) in a mixture of ligroine 
(100 ml), and tetrahydrofuran (800 ml). The mixture was con- 
centrated to a volume of c a. 500 ml, cooled to room temperature 
and poured into ice-hydrobromic acid. The white precipitate 
was filtered, then washed thoroughly and successively with water, 
methanol, chloroform and again with methanol, affording 66.50 g 
(90%) of tetrakts (p-biphenyl) tin, mp 260-262° (1it.’ mp 260- 
262°). Mass spectrum m/e: 732.1824 (Caled. for Cre aac 
732.1839). Anat Caled. for Cy gt, Sn: Ci 78.812, 4,96. Found: 


C, 79.03; H, 4.98. 


Synthesis p-tolylboron dichloride 


A 250 ml three-necked flask, fitted with a nitrogen inlet, 


a magnetic stirring bar and a Kjeldahl connecting bulb attached 
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to a Dry-Ice condenser (connected to a mercury bubbler), was flushed 
with nitrogen and then charged with tetrakis-(p-tolyl) tin (29.0 g, 
0.06 mole) and cooled to -78°. Boron trichloride (204° me,) 0326 
mole) was added and the cooling bath was allowed to warm slowly. 
At about -5° an exothermic reaction took place. The reaction was 
controlled by adding Dry-Ice to the cooling bath. Then the 
mixture was refluxed for five hours and fractionally distilled 
under nitrogen. The fraction boiling at 88-90°/11 mm (it.°? G27 7% 


10 mm) afforded 28.4 g (70%) of p-tolylboron dichloride. 


Synthesis of p-chlorophenylboron dichloride 


Following the same procedure described above, tetrakis 
(p-chlorophenyl) tin (33.3 g, 0.06 mole) and boron trichloride 
(21.4 ml, 0.06 mole) were refluxed for 30 minutes. After 
distillation under reduced pressure this afforded 38.4 g (85%) 
of p-chlorophenylboron dichloride, bp 104-105°/24 mm (1it.>” 


bp 70°/0.4 mm). 


Synthesis of p-biphenylboron dichloride 


No exothermic reaction was observed when the mixture of tetrakis 
(p-biphenyl) tin (32.26 g, 0.044 mole) and boron trichloride (16.5 
ml, 0.46 mole) was warmed to 0°, After refluxing for four hours, 
followed by distillation under nitrogen, there was obtained 32.1 g 
(78%) of p-biphenylboron dichloride, bp 136-137°/0.6 mm. Mass 


1B eds 
spectrum m/e: 234.0117 (Caled. for C,H, B Cl,: 234.0115. 
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Anal Caled. for C,HoBCl,: C, 61.35; H, 3.86; Cl, 30.18. 


found; ©, Gl. 11.0, 4.20; Cl,’ 29.76. 


General Work-up Procedure for the Reactions of Arylboron 


Dichlorides and Ethyl Diazoacetate 


Once the nitrogen evolution was complete, methanol (5 m1) 
was added dropwise, keeping the temperature below -20°. Then 
water (5 ml) was added and the mixture poured into saturated 
aqueous Na.CO, solution (75 ml) and extracted with ether. The 


ether extracts were combined and dried over Na,SOj. 


Synthesis of Ethyl Phenylacetate 


To a cooled ieee Dry-Ice carbon tetrachloride bath) solution 
of phenylboron dichloride (1.33 ml, 1.59 g, 10 mmole) in 10 ml of 
tetrahydrofuran, ethyl] diazoacetate (1.25 g, 11 mmole) in 10 ml 
of THF, was added dropwise over a period of 90 minutes. A smooth 
evolution of nitrogen was produced (97%). At this temperature 
methanol (5 ml) was added dropwise, followed by water (5 ml). The 
mixture was worked up in the usual way and the solvent removed at 
atmospheric pressure. Distillation at reduced pressure afforded 
1.64 g (98%) of ethyl phenylacetate, bp 85-86°/3 mm (tit.°° bp 
120-121°/20 mm), ir (thin film) 1730 (C=0), 720 cm? (C,H); 
mar: 6 -/.4. (Ss, 5H) Cel » A Ge Zee OG HC H,, 3.6 
(s, 2H) CpH.C Ho, Dez (t,t, oC Hz. The ir and nmr 
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were identical in all respects with an authentic sample. 


Synthesis of Ethyl p-Chlorophenylacetate 


Ethyl diazoacetate (1.25 g, 11 mmole) in THF (10 ml) was 
added dropwise to a cooled (-25°) solution of p-chlorophenyl 
dichloride (1.89 g, 10 mmole) in 10 ml of THF (1.5 hours). 
Nitrogen was evolved quantitatively. The mixture was quenched 
and worked up in the usual way. Analysis by glc showed the 
formation of 100% yield of ethyl p-chlorophenylacetate. Evaporation 
of the solvent and fractional distillation produced 1.80 g (91%) 
* mp 32°), 


ir (liquid film) 1730 (C-0), 820 cm” (p-CIC,H,); nmr: 6 7.2 


of a clear liquid, bp 106-107°/3.5 mm, mp 31-32°, (lit.> 
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Synthesis of Ethyl p-Tolylacetate 


Ethyl diazoacetate . (1.25 g, 11 mmole) in 10 ml of THF was 
added to a solution of p-tolylboron dichloride (1.98 g, 11.45 mmole) 
as Nitrogen was evolved in 100% (1.5 hours). Work-up of 
the mixture in the usual way and analysis by glc showed a quanti- 
tative formation of ethyl p-tolylacetate. Removal of the solvent 
and fractional distillation afforded 2.01 g (95%) of ethyl 
p-tolylacetate, bp 96-979/3.2 mm (1it.°” bp 240°), ir (liquid film) 


ait ; 
1730 (C=O), 810 cm (p-CH,C,H,-); nmr: 6 7.05 (s, 4H) CgH,, 4.12 
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(q, J= 7 Hz, 2H), OC #5, 3.4-(s, 2H) GHC #,, 2.28 (s, 3) 
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Synthesis of Ethyl p-biphenylacetate 


To a cooled (-25°) solution of p-biphenylboron dichloride 
(2.368 g, 10 mmole) in THF (30 ml), ethyl diazoacetate (1.25 g, 
11 mmole) in 10 ml of THF was added over a period of 90 minutes. 
Work-up of the reaction mixture and analysis by glc showed the 
formation of ethyl p-biphenylacetate in 100% yield. Evaporation 
of the solvent and fractional distillation (bp 135-136°/0.5 mm, 
fea 167-168°/3.5 mm) produced 2.05 g (91%) of ethyl 
p-biphenylacetate, ir (liquid film) 1730 (C0), 760 and 700 cm? 
(CH.-) 5 nmr: 6 7.5 (m, 9H) CeHoCeHy» Alle =) 1 iz, 2) 

OC H,, 3.65 (s, 2H) C #000, 1.25 (t, J = 7 Hz, 3H) C Hg. 
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THE DIRECT ALKYLATION OF ETHERS UTILIZING 


~ ORGANOALUMINUM REAGENTS 
INTRODUCTION 


The utilization of organoaluminum compounds in organic 
synthesis has been steadily growing during the past few years. 
In many instances organoaluminum compounds display chemistry 


similar to that of organoboron compounds, due to the fact that 


aluminum and boron are in the same group in the Periodic Table. 


For example, either organoaluminum hydrides or dialkylboranes 


react with acetylenes or ketones in the same way. 


_R,AIH Reo Hl 


Cace Ref. 
/ Ho NAIR, 


R*-C2C-hi 


RBH 


Z. 
R! H 
sie 8 Ref. 
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%, >C-OBR, Ref. 
Va 


62 


- 64 


63 


ee i esi Le 
ve a 7 


Oy ch 


ek bee eke, 


Tilt tom wip asend Soro sorte Ye sate ot 
oidel ofbphat oir 2h quo sane: opi os eee tale tn 
zonitodina tefl to aah Pay romuart nodules eottie.”’ iaaemal at 


in a 


Akad ibe SO" det) ancien ca maihatearani aa ee 
ee. i 


ag i | Bl 

Nevertheless, several marked differences exist between these 
two kinds of organometallic compounds. Triorganoboranes, for 
example, are stable towards water, whereas triorganoaluminun 
compounds undergo immediate hydrolysis. One very interesting 
and striking difference between the chemistry of mixed alanes 
and boranes is the ability with which the groups attached to 
boron or aluminum are transferred. In aluminum reagents that 
ligand which possesses the highest degree of s-character tends to 
migrate, whereas the situation for mixed triorganoboranes is 
completely the opposite. Several examples demonstrating these 


characteristics are presented below: 


0 0 

0 0 
EtjA1C=C-CyHg Ref, 66 
YS 


NAC HCOOEt 
(n-Bu) ,B-C=C-C,Hg —————_—_—_——> n-Bu-C H,COOEt 


Ref. 67 
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In the research undertaken here utilizing organoaluminum 

compounds, a new reaction was discovered, and the tendency of 
aluminum to transfer the group with the highest degree of 


s-character was also observed. 


oh We sae : 
is ae, 


es tae i ied ae ‘ 


® 
i 
i a! y fies 
uate } c may) 
ae “?@ ie ‘ 
: 
' 
} 
‘ 
4 
a 
‘ 
a 
*e 
us 
- 
7 
7 j 
andes 


LEY 


Aryl diazonium compounds are useful synthetic intermediates. 
Substitution reactions employing these derivatives have made it 
possible to synthesize numerous classes of compounds (for example, 
aryl halides, phenols, aryl ethers, arylazides, aromatic nitro 


compounds, aryl nitriles, etc.) 


Nevertheless, attempts to alkylate diazonium salts to form 
carbon-carbon bonds (with the exception of the nitrile synthesis 
mentioned above) have been uniformly unsuccessful. For example, 
the reaction between organomagnesium or zinc reagents with 


diazonium salts results in high yields of alkylation on nitrogen 


with formation of azo compounds ©8, 
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, N=N-R 


M = Zn, Mg. 


The reaction between organoboranes and functional diazo- 
compounds represents a rather general method of preparing esters, 


ketones, nitriles and aldehydes”. 
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Presumably the first step in the mechanism of this reaction 
involves the initial coordination of the borane with the diazo- 
compound. Once this "“ate'’ complex is formed, there is transfer 


of an alkyl group with concomitant displacement of nitrogen, 7.e., 
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N,CHZ + R,B 2 
PY 
R, R 
NAC HZ 
2 
ZI $$ $$$ RC Hz 


ed a 
oO 


a ny Ny pia 
¢ sa 
ee i 2 ee 
_ is } 


tied a LA 4 Lng 
i ; Vans ©) a : iil ra 


en al eis sta sive eee sm, 
wai oersin Yo seme mains at Fels 


® 
yf 


- 63 - 


Boranes do not usually transfer ligands unless the boron 


atom is tetracovalent; moreover, the process takes place intra- 


molecularly, prewe ba 


Base @) R2B 
Br roC HCO,C 5H. ——_—_—_——> Br,C-C0,.C,.H- —_——_—_————> 


aarp 
Br H,0 


Br-C,00,CoH, «5 t C0,C.H, 
ott R 


A 


Despite the fact that diazonium salts lack a similar type of 
coordination site, it was of interest to explore the possibility 


of an organoborane achieving displacement of nitrogen if the 


70 
borane was present as an "'ate'' complex. 


R . 
2  ——— ee + 
+ RB be O 


Tropone was chosen for the formation of the organoborane 


complex, because it is well known that the oxygen atom of tropone 
possesses high electron density (as a result of the tendency of 


this system to form a m-electron sextet’}), 
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Admixture of a solution of tropone and triethylborane to 

a suspension of phenyldiazonium fluoroborate in tetrahydrofuran, 

however, did not produce any nitrogen evolution. On heating, 


decomposition of the diazonium salt took place, but no 


alkylation product was formed. 


+ 
N 
Z CoH. 


In view of the success of certain organoaluninum compounds, 
especially dialkylalkynylalanes to achieve alkylation (opening of 
epoxides’”, conjugate addition of enones® , etc. )ss, these 
reagents were next selected to explore the possibility of 
alkylation of diazonium salts. Preferential migration of the 
alkynyl moiety was anticipated due to this rather general 


tendency of mixed organoaluminum reagents’>. 
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For this purpose, diisobutyl(1-hexynyl)alane was prepared 


! 


by reacting diisobutylaluminum chloride with 1-hexynyllithium., 
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(i-Bu),AICl + C,Hy-C=C-Li ———— (¢-Bu) ,AIC=C-C Hy 
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The addition of the alane solution to the suspension of 
phenyldiazonium fluoroborate in tetrahydrofuran at a 
produced a smooth evolution of nitrogen. Analysis of the reaction 
mixture, however, did not reveal the presence of the expected 
alkylation product. Instead, 2-(1-hexynyl) tetrahydrofuran was 
produced in 63% yield, demonstrating that the solvent had partic- 
ipated in the reaction under these conditions. Also the presence 


of benzene was detected by gic. 


NoBE, 


O ¢ 

O + (-Bu) ,Al-C=C-C,Hy————> : ~ + OH 
vee 
C,H 


4°9 


The result of this reaction presented a very interesting case 
in which a relatively unactivated carbon-hydrogen bond was trans- 
formed into a carbon-carbon bond in a single step. Although 


74 
a-ether radicals are known to add to unsaturated molecules, a,b 
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there are few examples of substitution reactions of the type 


6-H C-C, in which a carbon-carbon bond is formed directly. 
One example is the photochemical reaction of tetrahydropyran 
with cyanogen doris” ; nevertheless, even in this instance 


the alkylation is not selective (¢.e., restricted to only the 


a-substitution product) 


CN 
“2 C1CN ————______» * me 
0 hv 0 CN 0 


The novelty of this direct alkylation of tetrahydrofuran 
with organoaluminum reagents in the presence of a diazonium salt 
prompted a more detailed investigation into the scope of this 


reaction. 

The procedure proved to be fairly general for different 
acetylenic moieties. Thus, phenylacetylene and 1-butyne produced 
alkylated products in yields of 67 and 55%, respectively, using 


THF as substrate. 
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In addition to tetrahydrofuran, several other ethers were 
also alkylated in varying yields. The reaction of p-dioxane, 
because of its low melting point, could not be carried out at a 
temperature below he Utilizing phenylacetylene, a 33% yield 


of alkylated product was obtained. 


NOBFy 


(<-Bu) jAl -C=C- 
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In the case of ethyl ether a smooth evolution of nitrogen 
was produced at 16° with the concomitant formation of 52% of 


alkylated product. 


Tetrahydropyran reacted at 6° to afford a 28% yield of 
2-phenylethynyltetrahydropyran. Diisopropyl ether, however, 


failed to provide any of the expected alkylated product. 
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The reaction in 2,5-dimethyltetrahydrofuran was sluggish 
and a great deal of "tarry" material was formed. Nevertheless, 
a 20% yield of a mixture of two alkylated diasteroisomeric com- 


pounds was produced. 
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Attempts to optimize the yields of the reaction were carried 
out utilizing tetrahydrofuran as the ether and phenylacetylene as 
the alkyne. When the reaction was carried out at 0° in the 
presence of two equivalents of diazonium salt, only one mole of 
nitrogen was evolved. On increasing the temperature, the second 
mole of nitrogen was liberated. The corresponding alkylated 
tetrahydrofuran derivative was formed in 72% yield. 

Obviously this result demonstrated that only one equivalent 
of diazonium salt is necessary for the reaction. By changing the 


reaction temperature to 204 less tar was produced. Nevertheless 
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practically no change. in yield resulted (70%). 

In all the results described thus far, the reactions 
were carried out utilizing the ether ''reagent"' as the solvent. 
Thus it was desirable to investigate the possibility of using 
the ether in equimolar amounts and conducting the reaction in 
an "inert" solvent. For this purpose diisobutyl(1-hexynyl)alane 
was generated in pentane. The solvent was evaporated by gently 
heating the mixture under a stream of nitrogen. The residue was 
dissolved in methylene chloride, a solvent which has been used 
successfully in certain reactions of organoaluminum ompennds’°. 
Upon reaction with phenyldiazonium fluoroborate in the presence 
of 2% of tetrahydrofuran none of the alkylate product was 
detected by glc. A similar result was obtained when hexane was 
utilized fe the solvent. 

The possibility of increasing the yields by means of varying 
the structure of the organoaluminum reagent was Sacnea rex te 

Diethylphenylethynylalane was synthesized by reacting 
diethylaluminum chloride with phenylethynyllithium. This alane 
proved to be less reactive towards THF than was the isobutyl 
analog. A temperature of 0° was required for a smooth evolution 
of nitrogen (compared to -30° for diisobutylphenylethynylalane) . 


A slightly lower yield was also obtained (463). 


(Et),AICL + C=C-Li (Et) ,AIC=C- 
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During the course of this investigation it was observed 
that irrespective of the ether used, the only group observed to 
migrate from the mixed alane reagent was the acetylenic moiety. 
To investigate the possibility of using the acetylenic group 
more efficiently, the dialkynylalane was synthesized. Such a 
reagent was prepared from interaction of isobutylaluminum 


dichloride with the lithium salt of phenylacetylene, Z.e., 


D 


O 
t-BuAlCl, +2 , @-C=CLi ————>- 1 -BuAl-(C=C-¢ ) 9 


Upon reaction of this reagent with phenyldiazonium fluoro- 
borate at -30° in tetrahydrofuran, smooth evolution of nitrogen 
was observed. Nevertheless, the effect of this second alkynyl 
group was almost negligible, as the yield did not improve (70%). 

Until now, the reaction has been shown to be extremely de- 
pendent on the ether "'solvent'' utilized, and the effects of 
temperature or the nature of the organoaluminum reagent did not 
appear to produce dramatic changes in the yields. One parameter 
that has remained constant throughout has been the phenyldiazonium 
salt. 

It is well known that there are marked differences in the 
rates of decomposition of substituted diazonium salts. Especially 
interesting is the enhanced reactivity of substituted diazonium 
salts with meta electron-releasing substituents. For example, 


the rate coefficients for the decomposition (towards solvolysis) 
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of m-methoxyphenyl diazonium and p-methoxy salts have been 


t x 10’) respectively’’. 


estimated as 3400 and 0.11 (sec. Also, 
there is a marked difference in the relative ease with which 
various substituted diazonium salts accept an electron 
(reduction potential). Recently, the half-wave potentials 
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of several diazonium salts’ has been determined and some of 


these values are shown in Table VI. 


TABLE VI 
The Half-Wave Potentials of Various 


Aryldiazonium Salts 


Substituents E74 ve.sce, 
m-Cl +0.41 
H #0729 
m-C Hy +0.285 
p-OG H, +0.140 
p-N(C Hz) -0.095 


The possibility that the use of a different mieten ut salt 
could improve the yield of the reaction was next examined. 
Several different salts were synthesized and their efficiency 
in this process was investigated utilizing isobutyldipheny1- 


ethynylalane and tetrahydrofuran as a model system. 
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Treatment of the meta-chloro salt with the alane in THF 
afforded a 27% yield of alkylated product. The meta-tolyl 
salt gave comparable yields as the unsubstituted salt (73%). 

Use of para-methoxybenzenediazonium fluoroborate produced 
a very clean reaction, resulting in an 82% yield of the 
propargyl ether. Also less tar formation was encountered in 
the reaction as compared to the other diazonium salts. A 
trialkynylalane was also allowed to react with the p-methoxy 
salt in THF; an 85% yield of alkylated product was formed. The 
trialkynylalane was prepared by interaction of three equivalents 
of the lithium salt of phenylacetylene and one equivalent of 


aluminum chloride in tetrahydrofuran. 


3@-CHC-Li + AIC1, ————— AI(CiC-9), 
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It also seemed clear from the latter experiment that the 
hydrogen (hydride or hydrogen atom) utilized to reduce the diaz- 
onium salt (R-N.® —— RH), is provided by the solvent rather 
than the alane reagent. In the cases where the alane used had 
an isobutyl group, the possibility existed that the hydrogen 
atom could have originated from the isobutyl group. It is 
well known that alanes containing a 8-hydrogen atom serve as 
reducing agents. For example, ketones can be reduced with 


triisobutylaluminun®’. 


3)3 oe 
it 

Once it was found that the para-methoxy salt afforded the 
best results, this salt was allowed to react with the diisobutyl- 
phenylethynylalane studied initially. Although a smooth evolution 
of nitrogen was not obtained until the mixture was warmed to 
10” (compared to -30° for the unsubstituted salt), the alkylated 
product was obtained in 82% yield. 

Observing the reduction potentials of the different diazonium 
salts summarized in Table VI, it would appear that the yields of 
alkylation product increase slightly as the potential becomes more 
negative. This suggested the possibility that a further increase 


in yields might be achieved by utilizing a salt with a potential 
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lower than that of the para-methoxy salt. 

Toward this end, p-N,N-dimethylaminophenyldiazonium 
fluoroborate was synthesized and allowed to react with 
diisobutylphenylethynylalane in ethyl ether. At room tempera- 
ture no nitrogen evolution was observed. The mixture was 
brought to reflux (36°), and at this temperature nitrogen was 
liberated; disappointingly, however, only 11% of the propargyl 
ether was formed. 

In light of these results, p-methoxyphenyldiazonium fluoro- 
borate proved to be the salt of choice (i.e., gave the best 
yields and the cleanest reaction mixture). This salt was then 
used in alkylating the ethers which were tried previously utiliz- 
ing the unsubstituted salt, and it was observed that better 
yields were obtained in all cases when the p-methoxy salt was 
employed. 

Ethyl ether reacted at 15° with da eabonteneny lethyacialane 
and gave rise to a 64% yield of alkylated product (vs. 52% using 
the unsubstituted salt). p-Dioxane afforded a 43% yield (compared 
with 33% obtained with the phenyldiazoniumm salt). The yields 
of alkylation product obtained from tetrahydropyran and 2,5-dimethyl- 
tetrahydrofuran, respectively, each increased by c a. 15%. 

As previously mentioned, the high selectivity of these 
reactions allows the exclusive migration of the alkyne portion of 
a mixed alane. After having observed this high selectivity with 
acetylenic groups, it became interesting to investigate the 


possibility of achieving the preferential migration of a vinylic 


vw rae hs 


“Sragnet OCT ih, va pete 1 - 


f ae 
vy ARN } 


za Stik in sift ———e 


Cygnemerrg oot ett eho 


wey 


~orou ls) umanoeeihy vieadep oso - ezine i 
Ala bee) iw: iin 


tesd sorte mre 28.) sotete to Mae. to Soren oti 


ny \ 


coats af ER eit _. (omtctin em itnaay Jabieyal> oad te 
eo a ee 
Siiten yoamiverng bait? evew staid iiss nae 


Que be Dwnedttad: riedaloatei il sae wat shee iat af | t 
gene #2) asi) tues, betel Boia eee — 
borucmes) blag 82 « ‘bebagiiis: permetel taka 
__ Sekslig of? me permanente wt pin Be 
“Ivdgsmeib-2 6 az sce ws nb abo 
HEL £9 “of beset siaew elnirttoaqeet 4) rare » aN 
aealty Yto, ‘aii soot ip ante one: emi 
to nok sray ampits. aft Yo: erat te wictine ei ee 
a "de Wivimotee aigigt cid benrronds aiid SoA, 
Aled adietnasaiianiads ismsiond sued at 09 


- 75 - 
group. The ready accessibility of dialkyl-trans-vinylic alanes°” 
made it possible not only to test the selectivity of this 
reaction, but also the feasibility of conserving the geometry of 
the double bond. 
trans -Diisobutyl-1-hexenylalane was prepared by hydroalumin- 
ation of 1-hexyne utilizing ligroine as a solvent’. The 


solvent was eliminated tn vacuo and the residue was dissolved in 


tetrahydrofuran. 


(¢-Bu) AIH + C,HgC=C-H —————» (i-Bu),Al. HH 


This THF solution of the mixed vinylalane was allowed to 
react with p-methoxyphenyldiazonium fluoroborate. A smooth 
evolution of nitrogen was produced with concomitant formation 
of the expected allylic ether in 38% yield (anisole was also 
detected (63%)). The product showed strong infrared absorption 
at 965 ont, indicating that the trans stereochemistry was 
preserved during the i a No evidence of any other transfer 


_ products (¢.e., isobutyl group migration) could be detected by 
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In previous studies, there was always a group attached to 
aluminum with a higher degree of s-character than the isobutyl 
group. This eliminated the possibility of the isobutyl group 
migrating. In order to determine whether an sp° -hybridized 
bond could migrate, triisobutylaluminum was allowed to react with 
the p-methoxy salt in tetrahydrofuran. Anisole was formed in 
48% yield; however, no alkylation product arising from migration 


of an isobutyl group could be detected. 


Propargyl ethers are usually prepared 2 by treatment of 
the corresponding a-chloroether with an appropriate lithium 
acetylide. The product can usually be readily isolated, but 


occasionally allenic material is also present due to prototropic 


rearrangement. 
7 OR 
R-O-C HEIR’ + RNGEC-1i Fee ee 
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The direct alkylation of ethers observed in the present 
study provides another alternative for the synthesis of propargyl 

ethers. In certain cases, the yields are high and the ready 
availability of the ethers makes this method an attractive direct 
procedure for obtaining these compounds. Moreover, no allene 
formation could be detected (nmr or ir) in any of these reactions. 
Obviously this method has some limitations in as much as the 
ether must be used as a solvent rather than in stoichiometric 
amounts. 

The mechanism of these reactions is as yet uncertain. 
Recently, Kabalka and Daley®*+ have reported that the 1,4-addition 
of tri-n-propylaluminum to 2-cyclohexenone is catalyzed by 
molecular oxygen or UV light. This was taken as evidence that 
the reaction proceeds by a free radical chain process, since it 
was also inhibited by galvinoxyl, an efficient free-radical 


scavenger. 
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These observations suggested the possibility that some radical 
type process might be associated with the direct alkylation of 
ethers. To explore this possibility, the reaction between diiso- 
butylphenylethynylalane and phenyldiazonium fluoroborate was 
conducted in the presence of 5 mole % galvinoxyl. Nevertheless, 


no inhibition was observed and the yield obtained of alkylated 


product was nearly the same as in the absence of galvinoxyl. 

This result tends to indicate that the reaction does not 
proceed by a free radical chain process; however, the mechanism 
remains for future work to determine. 

It has been generally observed that five membered ring 
ethers afford better yields and react under milder conditions than 
the six membered ring ethers. For instance, the radical-initiated 
reaction between tetrahydrofuran and maleic anhydride is a high 


yield process; however, tetrahydropyran fails to react analogously’ *? 
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Similar results have been observed for the reaction of 


carbenes®” with tetrahydrofuran and tetrahydropyran respectively. 


( \ "2 :CCl1, —————> ( \ D 

é DRNCEL, a 

foi ee CGD ge ce 20% 
O CCl. 
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These studies parallel the results obtained in the present 
investigation, in which high yields of alkylated product were 
produced with tetrahydrofuran (60-80%), however the reactions 
with tetrahydropyran were less efficient (20-35%). | 

In conclusion, the reaction of ethers with mixed dialkyl- 
alkynylalanes in the presence of aryldiazonium salts provides 
a new direct process to alkylate ethers. Although the method 
has several limitations, the availability and low cost of the 
ethers makes this method an attractive procedure to prepare in 


a Single step, propargyl ethers. 
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Synthesis of Allenes 


During the course of this investigation, a brief study was 
also undertaken on the synthesis of allenes. This was prompted 
by the finding that the migration of vinylic groups takes place 
with retention of configuration. Thus, it will be recalled 
that diisobutyl-trans-1-hexenylalane, upon reaction with 
p-methoxyphenyldiazonium fluoroborate with tetrahydrofuran, 


afforded trans-2(1-hexenyl) tetrahydrofuran in 38% yield. 


In order to independently prove the stereochemistry of this 
compound, it was desirable to prepare the corresponding ets 1somer 
and compare the properties (glc, nmr and ir) of the two materials. 

It is well known that acetylenes are readily converted into 
ets olefins upon treatment with diisobutylaluminum hydride followed 


by a hydrolytic work-up’. 


R. OR Ho R YR 
R-C=C-R + (é-Bu),AIH——* _C-C ———+ CC 


Thus, the obvious immediate precursor to cts-2(1-hexenyl) tetra- 


hydrofuran 2 is 2-(1-hexynyl)tetrahydrofuran 1, readily available 
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by the direct alkylation of THF. 


However, treatment of propargylic ether 1 with diisobutyl- 
aluminum hydride utilizing ligroin as the solvent, followed by 
a hydrolytic work-up, failed to produce any 2. Instead, a 
compound possessing strong ir absorption at 3300 and 1950 cmt 


was obtained. Subsequently, this compound was shown to be the 


allenic alcohol 3, formed in 92% yield (glc). 


\ (-Bu) ,AIH pane 
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0, Se HO Dae 
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This observation that a propargylic ether upon reaction with 
diisobutylaluminum hydride?’ gave rise to an allene, prompted a 
brief study of the scope of the process. 

For this purpose the behaviour of a 1-alkoxy-2-alkyne was 
chosen as a model for investigation. The latter compounds are 
easily prepared from terminal alkynes either by treating the 
appropriate alkali acetylide with a chloromethyl alkyl ether, or 


with formaldehyde followed by an alkyl halide (Williamson 


synthesis). 
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R'0C HCl, or 
RC=™M $2? Ss RCEC-C_HOR' 


2 
pee C H,0 


M = Na, Li 


Should the reaction with diisobutylaluminum hydride prove 
successful, a simple synthesis of terminal allenes would thus 
be available®® from simple precursors. 


t-Bu.,AlH 


R-C=C-C HOR’ é RC H=C=C H, 


The propargylic ether chosen was 1-methoxy-2-octyne, readily 
synthesized by treatment of the lithium salt of 1-heptyne with 


chloromethyl methyl ether. 
Gg H,(C H,) ,C=C-Li + C1C H,0C H,——> C H,(C H,) ,C=C-C HOC H, 


A ligroine solution of 1-methoxy-2-octyne was treated at c a. 
30-35° Gah one equivalent of DIAH. After 5.5 hours, a 57% yield 
of 1,2-octadiene and 5% of l-octene was detected by glc analysis 
(c a. 20% starting material also remained). 
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C H,(C H,) 4C=C 6 HOC H, + & Bu) ,AlH 


C H,(C Hp) ,C H=C=C Hy + CH,(C H,),C H=C H, 
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Several parameters (including time, temperature, solvent 
and leaving group) were altered in an attempt to increase the 
yields of allene. 

Similar results were obtained at slightly higher temperatures 
Gegel 50°) in ligroin solvent, and also in refluxing methylene 
chloride as solvent. . The yield of allene could be increased 
(c a. 65-70%) by using methylene chloride (at reflux) and an 
extended reaction time (12 hours). Even under these conditions, 
however, starting material (c a. 15%) still remained. In an 
attempt to drive the reaction to completion, two equivalents of 
DIAH, in pentane, were used. Under these conditions, however, 
no allene was detected; rather, only low retention time products 
were detected by glc. This outcome is probably the result of 
subsequent reaction of the initially produced allene with DIAH, 
a precedented reaction?” 

It was also shown that another propargyl ether, namely, 
1-methoxy-2-undecyne upon treatment with one equivalent of DIAH, 
in refluxing pentane, afforded 38% yield of 1,2-undecadiene. 

In another run utilizing 1.5 equivalents of DIAH, at room tem- 
perature (after 24 hours) , 1, 2-undecadiene was present in 69% 


(1-undecene and starting material were detected also by glc in 


7 and 10% respectively). 


DIAH 
C H,(C H4)7C-C=C H,0C H, ——_—_——_> C H,(C H,)4C H=C=¢ Hy 


+ CH,(CH,),C HAC HC H, 
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Repeating the reaction in ethyl ether proved to be slow. 
Obviously, the use of ethyl ether, due to complexation with 
DIAH, retarded the reaction. After 18 hours, less than 403 
of allene was produced. 

Next, the possibility of increasing the yields was focused 
on the nature of the leaving group. For this purpose a propar- 
gylic chloride, 1-chloro-2-octyne, was synthesized following 
the procedure of Zweifel””, 1-Heptyne was hydroformylated by 


91 Sub - 


treatment of 1-heptynyllithium with paraformaldehyde 
sequent tranformation of the propargyl alcohol to the chloride 
was accomplished by the use of thionyl chloride in the presence 


of tri-n-butylamine (79% overall yield). 


GHG u,) C20 eq babe C Ho (C Hs) G=C-Li 


C-H 79), SOC1, 
peal Zot miielnste ol errr czar, Gad = Seat 
(n-Bu) .N 


Gree eel 


The reaction of 1-chloro-2-octyne with DIAH in methylene 
chloride, however, proved to be complex. Numerous products were 
detected by glc analysis, and only 32% of 1,2-octadiene was formed. 


DIAH 
C H,(C H,) 4C=C-C HCl ais Te eae H,(C H4) 4C H=C=C Ho 
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Although the tetrahydropyranyloxy moiety (THP) is not 
generally considered to be a good leaving group’, it was 
thought that the presence of the two oxygen atoms in the THP 
group might facilitate the coordination with DIAH. However, 
when the THP-derivative of 2-octyn-l-ol was reacted with DIAH, 
only 36% (glc) of the desired allene could be detected. 


DIAH 


af hE ee ee een —i{ t= 
CH,(C H,),C=C-C HOTHP C H,(C H,) ,C H=C=C H, 


Finally, the mesylate of 2-octyn-1l-ol (from reaction of the 


carbinol with C HS0,C1/Et.N) was investigated. 


C H,SO,C1 
ALS oer in =(— 
C H,(C H,),C=C-C H,0H @H,(C H,) ,C=C-C H,0S0,C H., 


Et,N 


Upon treatment of this derivative with DIAH, at 2207). the 
reaction took an entirely different course and a quantitative yield 
(glc) of 2-octyne was produced. 


| DIAH 
C H,(C H,) 4C=C-C H,0S0,C  aeees came ta H,(C H,) 4C=C-C Hy 


Although the precise mechanism of this reaction is unknown, 
there are two Reeeriabic pathways by which the products can arise. 
One attractive possibility is initial Al-O coordination, followed 
by intramolecular delivery of hydride via a six-membered transition 
state (a formal Sy?! mechanism). The reaction is presumably 


facilitated for a cyclic propargylic ether due to the release of 


ring strain. 
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A similar reaction has been observed recently (once this 
research was completed) by Nelson and Miller®® utilizing 


Grignard reagents. 


EtMgBr 
O S 
S <A HO Ss S 4 
| be 
Another alternative for the mechanism may involve the 

initial hydroalumination of the alkyne followed by an elimination 
reaction. The orientation of addition of aluminum is to be 
expected in the sense indicated below (z.e., next to the oxygen 


atom) since this should be assisted by coordination. 


+ (2-20) C,H 
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There is a precedent in the literature for addition - 
elimination reactions utilizing either DIAH or aluminum hydride. 
Prino and Lorenzi?” reported the formation of cyclohexene upon 
treatment of 1-methoxy-1-cyclohexene with DIAH. 


O-C H., 


(¢-Bu) ,AlH 


Similarly, enamines react with aluminum hydride?" to afford 
adduct , 4, which either upon hydrolytic treatment form the 


amine , 5, or upon reflux undergo elimination to produce cyclo- 


hexene 6. 
ans Se 
yAL-H, 
AIH, 
Soe 
4 N 
Ny 
: AL-H 5 
igs 
6 


The treatment of linear propargyl ethers with DIAH affords 
the corresponding l-olefin in addition to the desired allene, The 
presence of this by-product can be explained by the fact that 


allenes themselves undergo hydroalumination. Due to steric factors 
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the aluminum is attached to the terminal carbon; however, the 
allylic alane formed undergoes allylic rearrangement to the 
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thermodynamically more stable internal alane Hydrolysis of 


this intermediate gives rise to the 1-olefin. 


Re hneGeG 
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+ DIAH——~ RC H=C H-C H.AL — 
2 2 SS 
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oe an = —_ ee OL = 
R 7 fi-C T-¢ Ho R-C HAC H=C Ho 
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In brief, the reaction between propargylic ethers and 
diisobutylaluminum hydride affords high yields of allenes when 
a cyclic propargylic ether is utilized. However, the formation 
of terminal allenes is limited by the necessity of finding 
optimum conditions for each specific substrate. Moreover the 
formation of the corresponding 1-olefin makes the isolation 


procedure laborious. 
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General Considerations 


Infrared (ir) spectra were recorded using a Unicam SP 1000 
Infrared Spectrophotometer. | 

Nuclear magnetic resonance (nmr) spectra were recorded on a 
Varian A-60 or HR-100 spectrometer. Unless otherwise stated, 
carbon tetrachloride (CC1,) was employed as the solvent with 
tetramethylsilane (TMS) as the internal standard, and chemical 
shifts are reported in 6 values. The following abbreviations 
are used in the text: s = singlet, d = doublet, t = triplet, 

q = quartet and m = multiplet. 73¢ nmr spectra were determined 
using a BRUKER HFX-90 Spectrometer. 

Mass spectra were recorded at 70 ev. on an AEI Model MS-2 
or Model MS-9 Spectrometer. Spectra are recorded in the following 
manner: m/e: peak mass (relative intensity). 

Gas chromatographic (glc) analyses were performed using an 
Aerograph A-90 - P-3 and a Varian Aerograph Series 1200 versus a 
reference solution of the authentic compounds, with the following 
colums: column A, 20% NPGSE on Chromosorb W; colum B, 15% FFAP 
on Chromosorb W; colum C, 15% Carbowax 20M on Chromosorb W; 
column D, 20% SE-30 on Chromosorb W; colum E, 10% NPGSE on 
Fluoropak; column F, 10% DEGS on Chromosorb W. Refractive indices 
were measured on a Bausch and Lomb Abbe-3L Refractometer. 


The aryl diazonium fluoroborates were prepared by well known 
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established procedures These salts were crystallized from 
pectonesciicretore and kept in the refrigerator, without 
apparent decomposition, for indefinite period of time. 


All reactions were carried out using oxygen-free nitrogen”" 


General Procedure for the Preparation of Diisobutylalkynylalanes 


in Tetrahydrofuran 


To a cooled 20") solution of the l-alkyne (25 mmole) in 
tetrahydrofuran (50 ml), n-butyllithium (15.6 ml, 25 mmole, 1.6M) 
was added dropwise over a period of twenty minutes. The solution 
was stirred for 30 minutes at 0° and then diisobutylaluminum 
chloride (4.88 ml, 25 mmole) was added (10 minutes). The mixture 
was made up to 100 ml (0.25M solution) with dry THF and stirred 


overnight. 


General Work-up Procedure for the Reactions Utilizing 


Organoaluminum Compounds 


The reaction mixture was poured into ice-6M hydrochloric 
acid and extracted with ether or pentane. The combined organic 
extracts were washed successively with saturated sodium bicarbonate 


and finally again with saturated sodium chloride. 
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Reaction of Diisobutyl-1-hexynylalane with Phenyldiazonium 


Fluoroborate in Tetrahydrofuran 


To a cooled (0°) suspension of phenyldiazonium fluoroborate 
(3.836 g, 20 mmole) in 40 ml of tetrahydrofuran, was added drop- 
wise a solution of diisobutyl-1-hexynylalane (80 ml, 20 mmole, 
0.25M, prepared as described above) in tetrahydrofuran over a 
thirty minute period. A smooth evolution of nitrogen was 
produced (91%). When no more ipsien was given off the dark 
mixture was worked up in accordance with the general procedure. 
Analysis by glc (colum A, 150°) showed the formation of 63% 
of 2-(1-hexynyl) tetrahydrofuran. Removal of the solvent at atmos- 
pheric pressure and fractional distillation under reduced pressure 
afforded 1.67 g (55%) of 2-(1-hexynyl) tetrahydrofuran, bp 72-73°/ 
3 mm. An analytical sample was obtained by bulb to bulb 
distillation (130°/ 23 mm), ni? 1.4639; ir (liquid Film): 2230 
(C=C) and 1050 an (C-0-C); nmr: 6 4.45 (m, 1H) C=C-C #O-, 3.75 
Gul GH, Ovand?) C=C-C; # 


Di ce 
OF95(m, 3a Hz; mass spectrum 


Gnew2H) EC Ht0-, 7405-2 .220Gm. 6) Gee 


2 
1.15-1.65 (m, 4H) C #,C H,C Hg, 
m/e: 152.1180, M’-1, m/e: 151.1123 (Caled. for C, H,,0: 152.1201; 
Caled. for C,of,,0: 151.1123), 124(62), 110(67), 95(70), 81(70), 
67(52), 53(52), 41(100), 39(90). Anal Caled. for C,H,,0: C, 


TEs 59 TeFoundsyeGyw28.04; H, 10.81. 
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‘Reaction between Diisobutyl-1-butynylalane and Phenyldiazoniun 
‘Fluoroborate in Tetrahydrofuran 


To a cooled (0°) suspension of phenyldiazonium fluoroborate 
(3.836 g, 20 mmole) in 40 ml of tetrahydrofuran, a solution of 
diisobutyl-1-butynylalane (80 ml, 20 mmole, 0.25M, prepared as des- 
cribed above) in-tetrahydrofuran was added at a rate sufficient to 
produce a smooth evolution of nitrogen (96%). Then the mixture 
was allowed to warm to room temperature and worked up in the 
usual way. Glc analysis (colum A, 140°) revealed a 55% yield of 
2-(1-butynyl) tetrahydrofuran. The solvent was removed at 
atmospheric pressure and a portion of the forerun was purified 
by bulb distillation (100°/23 mm), ni’ 1.4640; ir (liquid film): 
2235 (C=C), 1045 cm (C-0-C); nmr: 6 4.45 (m, 1H) CzC-C #-0, 

O- 1, 65-2145" (mp26H) pGyz 


Be 7 Sa Citpie ah) Chis H C H, and C3C-C # 


a 2 se 
eo teoe= 7B a Or) a Hz; mass spectrum m/e: 124.0892 (Caled. 
for CoH, ,0: 124.0888), 124(10), 123(24), 109(15), 96(100), 95(44), 
82(99), 81(73), 79(50), 77(30), 67(42), 66(23), 55(40), 54(30), 
53(44), 51(19), 42(60), 41(54), 39(58). Anal Caled. for CyH, 50: 


Ci 077988: sep On] 4ewetounds AGsc7 755d; alley? 58 


Reaction of Diisobutylphenylethynylalane and Phenyldiazonium 
Fluoroborate in Tetrahydrofuran 


A solution of diisobutylphenylethynylalane (80 ml, 20 mmole, 


0.25M, prepared according with the general procedure) was added 
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dropwise to a cooled (0°) suspension of phenyldiazonium fluoro- 
borate (3.836 g, 20 mmole) in 40 ml of tetrahydrofuran. A 91% 
yield of nitrogen was given off. After the solution was allowed 
to warm to room temperature the mixture was worked up in the 
usual way. Analysis by gle (column D, 245°) showed the formation 
of 2-phenylethynyltetrahydrofuran in 67% yield. Removal of the 
solvent at reduced pressure and fractional distillation afforded 


1.7 g (49%) of 2-phenylethynyltetrahydrofuran, bp 110°/1.5 mm, 
20 
"D 
(aromatic), 755 and 690 cm™* (CH) 5 nmr lven7'S Gif SH)pwee7s 


1.5690; ir (liquid film): 2230 (C=C), 1050 (C-0-C), 1600 


(m, 1H) C=C-C HO-, 3.8 (m, 2H) C #,0, 2.0 (m, 4H) C #,C #,C H,0-; 


2 


mass spectrum m/e: 172.0890 (Caled. for C, 5H, 0: 170.0893), 


-172(49), 171(59), 157(37), 144(61), 131(89), 116(100), 103(77), 


Z 


TOZ(OR) S77 (600% 7002), y65064): 2 563) 5.42 (65). 5 S9(6L) Anal 
Caled. for Cj 5H, 50: C, S8SVO9PHPt7 POLY Found:+CP 83.255; "Hh; 7230. 
Reaction between Diisobutylphenylethynylalane with Phenyldiazonium 


Fluoroborate in Tetrahydrofuran at -20° 


The same procedure as described above was followed but the 
reaction was carried out at 26 WAPI thIs temperature a smooth 
evolution of nitrogen was produced (85%). Glc analysis (colum D, 
245°) showed the formation of 70% yield of 2-phenylethynyltetra- 


hydrofuran. 
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_ Reaction between Diisobutylphenylethynylalane with Two 


To a cooled Kae) suspension of phenyldiazonium fluoroborate 
(7.672 g, 40 mmole) in 60 ml of THF, a solution of diisobutyl- 
| phenylethymlalane (80 ml, 20 mmole, 0.25M, prepared as described 
above) was added dropwise. At the end of the addition 120% of 
nitrogen was given off. When the temperature was allowed to 
increase to 25° the rest of the nitrogen was evolved. Work-up 
in the usual way and analysis by glc (colum D, 245°) showed the 


formation of 2-phenylethynyltetrahydrofuran in 72% yield. 
Preparation of Diisobutylphenylethynylalane in p-Dioxane 


To a cooled (10°) solution of phenylacetylene (2.74 Tie 55 
g, 25 mmole) in 60 ml of p-dioxane was added 10.2 ml of a 2.45M 
solution of n-butyllithium (25 mmole). The mixture was stirred 
at 0° for thirty minutes and then diisobutylaluminum chloride 
(4.89 ml, 25 mmole) was added dropwise. Lithium chloride pre- 
cipitated, the suspension wasstirred overnight. Enough »-dioxane 


was added to obtain a volume of 100 ml (0.25M). 


Reaction of Diisobutylphenylethynylalane with Phenyldiazonium 
Fluoroborate in p-Dioxane 


A suspension of phenyldiazonium fluoroborate (3.836 g, 20 


mmole) in 40 ml of p-dioxane was cooled to 10° and then 80 ml 
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(20 mmole, 0.25M) of the alane solution prepared above was added 
dropwise. The mixture became gradually darker upon addition of 
the alane and a smooth evolution of nitrogen was produced. After 
warming to room temperature the solution was worked up in the 
usual way. Analysis by glc demonstrated the formation of 
2-phenylethynyl-p-dioxane in 33% yield. The solvent was removed 
in the rotatory evaporator (water aspirator pressure). A small 
sample was distilled bulb to bulb (190°/ O25; 1m) ni 1.5606; 
ir (liquid film) 2230 (C=C), 1600 (C, H 5)» 11201090) (G-0-C), 


760 and 695 cm (CpH,)s nmr: 6 7.35 (m, 5H) C,H,, 4.4 (q, 1H) 


Os 
-OC HC=C, 3.35-4.0 (m, 6H) 3(0-C H4); mass spectrum m/e: 188.0837 


(Caled. for C 188.0837), 188(100), 158(10), 130(30), 


14 wave 
129(69), 114(39), 103(94), 102(96), 74(15), 63(15), 51(20), 39(10). 


No satisfactory analysis could be obtained for this sample. 


Preparation of Diisobutylphenylethynylalane in Ethyl Ether 


To a cooled (220°) solution of phenylacetylene (2.74 ml, 
2.55 g, 25 mmole) ,in 60 ml of ethyl ether was added dropwise 
n-butyllithium (10.2 ml, 25 mmole, 2.45M). The white suspension 
was stirred at 0° for 30 minutes and then diisobutylaluminum 
chloride (4.89 ml, 25 mmole) was added over ten minutes. Lithium 
chewad precipitated and the mixture was stirred overnight. 


Enough ether was added to make the total volume 100 ml (0.25M). 
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Reaction of Diisobtitylphenylethynylalane with Phenyldiazoniun 


Fluoroborate in Ethyl Ether 


A solution of the alane prepared above (80 ml, 20 mmole, 
0.25M) was added dropwise to a suspension of phenyldiazonium 
fluoroborate (3.836 g, 20 mmole) in ethyl ether (40 ml) at 16°. 
After no further nitrogen was evolved the solution was warmed 
to 25° and worked up according to the general procedure. Analysis 
by glc (colum A, 230° and 150°) showed the formation of 
2-phenylethynyl ethyl ether in 52% yield and the presence of 46% 
of phenylacetylene. The solvent was removed tn vacuo, and from 


the residue an analytical sample was obtained by bulb to bulb 


20 
D 


1600 (Clg), 1110 (C-0-C), 750 and 690 cm? (C,H); nmr: 6 7.28 


distillation (84°/2 mm); n<~ 1.5271; ir (liquid film) 2240 (C=C), 
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mass spectrum m/e: 174.1040 (Caled. for C, 5H, 49: 


P2900) , "27 (2 PA ESG49):, TOS (2h PUG) S ACLS 6567)’, “SPEL3), 
AS (OU)) S94 ime Anal Caled for C) 5H, 40: Cece. 72s ries. iGe. 


Found: C, 82.70; H, 7.91. 


Preparation of Diisobutylphenylethynylalane in Tetrahydropyran 


To a cooled (-20°) solution of phenylacetylene (2.74 ml, 2.55 
g, 25 mmole) in 40 ml of tetrahydropyran, n-butyllithium (10.2 ml, 
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25 mmole, 2.45M) was added over thirty minutes. The mixture was 
stirred at 0° for 15 minutes and then diisobutylaluminum chloride 
(4.88 ml, 25 mmole) was added. At 25° none of the lithium chloride 
precipitated. After stirring overnight a small amount separated 
from the solution. Tetrahydropyran was added to make up to 100 


ml (0.25M). 


Reaction between Diisobutylphenylethynylalane and Phenyldiazonium 


Fluoroborate in Tetrahydropyran 


To a cooled (9°) suspension of phenyldiazonium fluoroborate 
(3.836 g, 20 mmole), 80 ml of the alane prepared above (20 mmole, 
0.25M) was added dropwise. Nitrogen was given off in 72% yield. 
The mixture was allowed to warm to 25° and the work-up was carried 
out as usual. -Glc analysis (colum E, 230°) showed the formation 
of 2-phenylethynyltetrahydropyran in 28% yield. Evaporation of 
the solvent under reduced pressure and molecular distillation 
(100°/0.08 mn) of a small portion of the residue afforded a pure 
sample. no? 1.5611 (1it.®° ni? 1.5600); ir (liquid film) 2230 
(C=C), 1600 (C,H), 1080, 1030 (C-O-C), 755 and 692 cm™* (CHg) 5 


nmr: 6 7.3 (m, SH) C,#., 4.5 (m, 1H) C=C-C HO-, 3.5-3.9 (m, 2H) 


e HAC H50-, es=2.0 (mm, 6H) C HC De HC H,0-. The ir and nmr 
spectra were in agreement with the ones reported in the litera- 
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Preparation of Diisobutylphenylethynylalane in Diisopropyl Ether 
To a cooled (70) solution of phenylacetylene (2.74 ml, 

2.55 g, 25 mmole) in diisopropyl ether (50 m1), n-butyllithium 

(10.2 ml, 25 mmole, 2.45M) was added dropwise over a thirty 

' minute period of time. The white suspension was stirred at ne 

for one hour. Diisobutylaluminum chloride (4.88 ml, 25 mmole) 

was added. Lithium chloride precipitated and the mixture was 


stirred overnight. The volume was adjusted to 100 ml (0.25M). 


Reaction of Diisobutylphenylethynylalane with Phenyldiazonium 


Fluoroborate in Diisopropyl Ether 


The alane solution (80 ml) prepared above (20 mmole, 0.25M) 
was added dropwise to a suspension of phenyldiazonium fluoroborate 
(3.836 g, 20 mmole) in diisopropyl ether (40 ml) at room tempera- 
ture. A very slow evolution of nitrogen was produced upon 
addition of the alane, accompanied by a rapid darkening of the 
solution. After no more nitrogen was given off (70%), the 
resultant red mixture was worked up in the usual way. Analysis 


by glc on different colums failed to reveal the presence of the 


expected product. 


Preparation of Diisobutylphenylethynylalane in 2,5-Dimethyltetra- 


hydrofuran 


To a cooled (20°) solution of phenylacetylene (1.35 ml, 
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1.255 g, 12.5 mmole) in 30 ml of 2,5-dimethyltetrahydrofuran, 
n-butyllithium (5.1 ml, 12.5 mmole, 2.45M) was added dropwise 
and with stirring during fifteen minutes. The mixture was 
stirred at 0° for one hour and then diisobutylaluminum 
chloride (2.43 ml, 12.5 mmole) was added. The mixture, from 
which lithium chloride separated, was stirred overnight and 
the volume made up to 50 ml with 2.5-dimethyltetrahydrofuran 
(0.25M). 
Reaction of Diisobutylphenylethynylalane with Phenyldiazonium 


Fluoroborate in 2,5-Dimethyltetrahydrofuran 


Treatment of a cooled (0° to 5) suspension of phenyl- 
diazonium fluoroborate (1.918 g, 10 mmole) in 2,5-dimethyl- 
tetrahydrofuran (20 ml) with 40 ml of the alane solution 
prepared above (10 mmole, 0.25M) resulted in a smooth evolution 
of nitrogen (100%). Usual work-up and analysis by glc (colum A, 
150°) showed the presence of 62% phenylacetylene. The solvent 
was evaporated under reduced pressure. Fractional distillation 
afforded a 0.741 g of a yellow liquid, bp 77-78°/0.05 mm, which 
was purified by bulb to bulb distillation (130°/0.2 mm). The 0.53 ¢ 
(26%) of 2,5-dimethyl-2-phenylethynyltetrahydrofuran was a mix- 
ture of diasteroisomers. nd” 1.5351; ir (liquid film) 2240 (C=C), 
1600 (C,H,), 750 and 695 cm? (C,H); nmr: 6 7.25 (m, SH), 

CeHcs eel i, Mai dG HC Hae Gees lo Ons y6s,0 on), isomer 1c 
( H,C-(C=C-@ )-0-, 125 .m lena ale HO HZ50d = O,0.11z, 3H) 


isomeric C HAC H-; mass spectrum m/e: 200. 1196 (Caled. for 
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CgHy60: 200. 1201), 200(20), 185(27), 145(20), 129(100), 115(17), 


77(5), 42(45), 41(7). Anal Caled. for C,,H,.0: C, 83.96; H, 8.05. 


1416 
Found 3G. 85.09. 1.8.22, 


Preparation of a Solution of DiisobutylIphenylethynylalane in 


Methylene Chloride 


To a cooled (220°) solution of phenylacetylene (2.74 ml, 
2.95 g, 25 mmole) in 48 ml of purified pentane and 2 ml of 
tetrahydrofuran, n-butyllithium (11.0 ml, 25 mmole, 2.30M) was 
added. The white suspension formed was stirred at 0° for one 
hour and then diisobutylaluminum chloride (4.88 ml, 25 mmole) 
was added dropwise. LiCl precipitated and the mixture after 
being stirred for 6 hours at room temperature was filtered under 
nitrogen. The clear solution was evaporated utilizing a slow 
stream of nitrogen and gentle warming at 00-4 GEhS fein was 
dissolved in enough methylene chloride to make a volume of 


100 mi (0;25M) . 


Reaction of Diisobutylphenylethynylalane with Tetrahydrofuran 


and Phenyldiazonium Fluoroborate in Methylene Chloride 


A suspension of phenyldiazonium fluoroborate (3.836 g, 
20 mmole) in methylene chloride (40 ml) in the presence of 2 ml 
of tetrahydrofuran was cooled to 0°. The solution (80 ml) of 


alane prepared above (20 mmole, 0.25M) was added dropwise. An 
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immediate darkening occurred and nitrogen was given off very 
Slowly (54%). Analysis by glc showed that no 2-phenylethynyl- 


tetrahydrofuran was produced. 


eo tte 


To a cooled (0°) suspension of phenyldiazonium fluoroborate 
(3.836 g, 20 mmole), a solution of diethylphenylethynylalane 
(80 ml, 20 mmole, 0.25M, prepared as described for the diisobutyl 
case, but utilizing 3.13 ml, 25 mmole of diethylaluminum chloride) 
was added dropwise. Nitrogen ee given off in 75% yield. Usual 
work-up and analysis by glc (colum A, 240° and 150°) revealed 
the formation of 47% yield of 2-phenylethynyltetrahydrofuran and 


the presence of phenylacetylene in 53%. 


Preparation of bts (Phenylethynyl)isobutylalane in Tetrahydrofuran 


To a cooled (e20) solution of phenylacetylene’ (5.5 ml, 5.12 g, 
SO mmole) in 80 ml of tetrahydrofuran, n-butyllithium (31.3 m1, 
50 mmole, 1.6M) was added dropwise. The mixture was stirred for 
one hour at 0° and then treated with 3.45 ml (25 mmole) of 
isobutylaluminum dichloride. The solution was stirred overnight 


and then the volume made up to 150 ml (0.167M). 
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Fluoroborate ‘in Téetrahydrofuran 


A suspension of phenyldiazonium fluoroborate (3.836 g, 20 
mmole) in 75 ml of tetrahydrofuran was cooled to -30°. Then 120 
ml of the alane solution prepared above (20 mmole, 0.167M) was 
added dropwise. A smooth evolution of nitrogen was produced (92%). 
Work-up and analysis by glc showed the formation of 2-phenyl- 


ethynyltetrahydrofuran in 70% yield. 


Reaction of bis (Phenylethyny1) isobutylalane with p-Methoxyphenyl- 


-'diazonium Hluoroborate 


To a cooled (-10°) suspension of p-methoxyphenyldiazonium 
fluoroborate (4.436 g, 20 mmole) in 75 ml of tetrahydrofuran, 
a solution of bis(phenylethynyl)isobutylalane (120 ae 20 mmole, 
0.167M, prepared as described above) was added at a rate to 
produce a smooth evolution of nitrogen (89%). Work-up in the 
usual way and glc analysis showed the presence of 82% yield of 


2-phenylethynyltetrahydrofuran. 


Reaction of bis(Phenylethynyl) isobutylalane with m-Chlorophenyl- 


diazonium Fluoroborate 


A suspension of m-chlorophenyldiazonium fluoroborate (4.526 g, 


20 mmole) in 75 ml of tetrahydrofuran was cooled to 5°. Then 
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a solution of bis(phenylethynyl)isobutylalane (120 ml, 20 mole, 


0.167M, prepared as described above) was added dropwise. Nitrogen 
was evolved in 75% yield. Work-up and analysis showed the 


presence of 27% of 2-phenylethynyltetrahydrofuran. 


Reaction of bis (Phenylethynyl) isobutylalane with m-Tolyldiazonium 


Fluoroborate 


A solution of bis(phenylethynyl1)isobutylalane (120 ml, 
20 mmole, 0.167M, prepared as described above) was added dropwise 
to a suspension of m-tolyldiazonium fluoroborate (4.116 g, 20 
mmole) in 70 ml of tetrahydrofuran cooled at 25 Re Nitrogen 
was given off in 90% yield and 2-phenylethynyltetrahydrofuran 


was formed in 73% yield. 


(Se, TERE, eth 


A solution of phenylacetylene (8.25 ml, 7.66 g, 75 mmole) in 
80 ml of tetrahydrofuran was cooled to -20°. Then a solution of 
n-butyllithium (75 mmole, 47.5 ml, 1.58M) was added dropwise. 
The mixture was stirred at 0° for one hour and then cooled to 
-10°. A solution of aluminum chloride (3.33 g, 25 mmole) in 35 
ml of tetrahydrofuran was added. The solution was stirred 


overnight and enough THF was added to bring the volume to 200 ml 


(0.08M) . 
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To a cooled G15 y0 suspension of p-methoxyphenyldiazonium 
fluoroborate (4.436 g, 20 mmole) in 70 ml of tetrahydrofuran, a 
solution of tris(phenylethynyl)isobutylalane (160 ml, 20 mmole, 
0.08M, prepared as described above) was added dropwise. A 
smooth evolution of nitrogen was produced (100%). Analysis by 
glc showed the formation of 85% of 2-phenylethynyltetrahydro- 


furan. 


Reaction of Diisobutylphenyléthynylalane with p-Methoxyphenyl- 


diazonium Fluoroborate 


A suspension of p-methoxyphenyldiazonium fluoroborate 
(4.436 g, 20 mmole) in 50 ml of ethyl ether was cooled to 144, 
A solution of diisobutylphenylethynylalane in ethyl ether 
(80 ml, 20 mmole, 0.25M, prepared as described above) was added 
dropwise to produce a smooth evolution of nitrogen (100%). 
Work-up in the usual way and glc analysis showed the formation of 


2- phenylethynyl ethyl ether in 64% yield. Also anisole was 


present in 84% and phenylacetylene in 22%. 


Reaction of Diisobutylphenylethynylalane with p-Methoxypheny1- 


diazonium Fluoroborate in p-Dioxane 


A mixture of p-methoxy-phenyldiazonium fluoroborate 
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(4.436 g, 20 mmole) and dioxane (50 ml) was cooled to 10°. 
A dioxane solution (80 ml) of diisobutylphenylethynylalane 
(20 mmole, 0.25M, prepared as described above) was added 
dropwise. A smooth evolution of nitrogen was produced (81%). 
Work-up utilizing the usual procedure and analysis by glc 
(column B8, 240° and colum A, 150°) revealed the formation of 


2-phenylethynyl-p-dioxane in 43% yield. Anisole was produced 


in 58% yield and phenylacetylene present in 42%. 


diazonium Fluoroborate in Tetrahydropyran 


To a cooled (15°) suspension of p-methoxyphenyldiazonium 
fluoroborate (4.436 g, 20 mmole) in tetrahydropyran (40 ml), a 
solution of diisobutylphenylethynylalane in tetrahydropyran 
(80 ml, 20 mmole, 0.25M, prepared as described above) was added 
dropwise such that a smooth evolution of nitrogen was produced 
(68%). Work-up and glc analysis (colum E, 230° and colum A, 
HEO Fs detected the formation of 36% yield of 2-phenylethynyl- 
tetrahydrofuran. Anisole was produced in 41% and phenylacetylene 


was present in 43%. 


Reaction of Diisobutylphenylethynylalane with p-Methoxypheny1- 


A solution of diisobutylphenylethynylalane in 2,5-dimethyl- 


tetrahydrofuran (80 ml, 20 mmole, 0.25M, prepared as previously 
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described) was added to a suspension of p-methoxyphenyldiazonium 
fluoroborate (4,436 es 20 mmole) in 2 ,5-dimethyltetrahydrofuran 
(40 m1) at Hee Nitrogen was evolved in 47% yield. Work-up 
in the usual way and gic analysis (colum B, 240° and colum A, 
150°) showed the formation of 2,5-dimethyl-2-phenylethynyltetra- 
hydrofuran in 35% yield. Also anisole was produced in 65% and 


phenylacetylene was present in 433. 


_ Reaction of Diisobutylphenylethynylalane with p-N,N-Dimethyl- 


To a cooled (15°) suspension of p-N,N-dimethylaminopheny1- 
diazonium fluoroborate (4.696 g, 20 mmole) in ethyl ether (40 ml), 
a solution of diisobutylphenylethynylalane in ethyl ether (80 ml, 
20 mmole, 0.25M) was added dropwise. No nitrogen was evolved 
at this temperature. The mixture was brought up to reflux 
resulting in a smooth evolution of nitrogen. After 5 hours the 
reaction mixture was worked up in the usual way. The formation 
of 2-phenylethynyl ethyl ether in 11% yield was detected by 


gic. 
Preparation of Diisobutyl-trans-1-hexenylalane 


To a cooled (10°) solution of 1-hexyne (2.24 ml, 1.64 g, 
20 mmole) in 30 ml of olefin-free ligroine, diisobutylaluminum 
hydride (3.57 ml, 20 mmole) was added dropwise maintaining the 


temperature below 20°, Then the mixture was refluxed for two 
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hours. The solution was cooled to room temperature and the solvent 
removed in vacuo using the water aspirator. The residue was 


dissolved in 40 ml of tetrahydrofuran (c a. 0.5M). 


Reaction of Diisobutyl-trans-1-hexenylalane with p-Methoxyphenyl- 


A suspension of p-methoxyphenyldiazonium fluoroborate (4.436 g, 
20 mmole) in 60 ml of tetrahydrofuran was cooled to 10) Then 
a solution of the alane prepared above (40 ml, 20 mmole, c.a. 0.5M) 
was added in such a way as to achieve a smooth evolution of nitro- 
gen (70%). Work-up on the mixture and analysis by glc (colum A, 
180°) detected the formation of trans-2-(1-hexenyl1) tetrahydrofuran 
in 38% yield and anisole in 63%. Elimination of the solvent at 
atmospheric pressure followed by preparative glc (12% NPGSE, 
150°) and bulb to bulb distillation (60°/3 mm) resulted in a pure 
sample of the trans-allylic ether. n\” 1.4542; ir (liquid film) 
1670 (C=C), 1055 (C-O-C), 965 (trans C H=C H); nmr: 6 5.1-5.8 
(m, 2H) C H=C H, 3.9-4.3 (m, 1H) O-C H-(C H,)(C H=C H), 3.4-3.9 
O and C H=C HC # 


(m, 2H O-C Hy, 1.6-2.2 (m, 6H) C #,C #,C H 


La Zz 2? 
Ted- ls Gn, 4H).C HoC HC Hz, O505 Gny 3h) Hz; mass spectrum 
m/e: 154.1366 (Caled. for Cy gH, 90: PSE1358) Sol (22s 97.02.00) 5 


84(18), 69(20), 55(70), 39(29), Anal Caled. for Cy tty 90: Gi 


77.87; H, 11.76. Found: C, 78.15; H, 11.63. 
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| Reaction between Triiscbutylaluminum and p-Méthoxyphenyl1- 


A suspension of p-methoxyphenyldiazonium fluoroborate 
(4,436 g, 20 mmole) in tetrahydrofuran (50 ml) was treated with 
a solution of triisobutylaluminum (5.08 ml, 20 mmole) in 10 ml 
of tetrahydrofuran at room temperature. After no more 
nitrogen was given off (70%) the mixture was worked up. Glc 
analysis showed the presence of 48% yield of anisole. No 


other volatile product could be detected. 


Reaction between Diisobutylphenylethynylalane and Phenyldiazonium 


Fluoroborate in Tetrahydrofuran in the Presence of Galvinoxyl 


To a cooled 220.) suspension of phenyldiazonium fluoroborate 
(3.836 g, 20 mmole) in 40 ml of tetrahydrofuran containing gal- 
vinoxyl (0.422 g, 120 mmole, 5%), 80,mlof a solution of 
diisobutylphenylethynylalane (20 mmole, 0.25M) was added dropwise. 
An immediate evolution of nitrogen was produced (82%). Work-up 
followed by glc analysis detected the formation of 2-phenylethyny1- 


tetrahydrofuran in 60%. 
Synthesis of 4,5-Decadien-1-ol 
To a stirred solution of 2-(1-hexynyl)tetrahydrofuran (1.52 


g, 10 mmole) in 10 ml of ligroin, diisobutylaluminum hydride 


(DIAH) (1.87 ml, 10 mmole) was added dropwise keeping the 
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temperature below 25° by means of a water bath. Stirring was 
continued overnight. Work-up of the reaction mixture was 
carried out in the usual way. Analysis by glc (colum G, 150°) 
detected the formation of 4,5-decadien-1-ol (92%). A pure 
sample was obtained by elimination of the solvent at atmospheric 


pressure followed by evaporative distillation (50°/0.05 mm) , 
nel 
D 
Hg, chy, C HOH, 5.40 *(S, “Thy OF: 130 nmr: ppm (relative to TMS) 


1.4759, nmr: 6 4.8-5.2 (m, 2H) C H=C=C #, 3.55 (t, J = 6.2 


204.1 (C=C=C), 91.53, 90.29, 62.41, 32.20, 31.50, 28.75, 25.40, 
22.22, and 13.86; mass spectrum m/e: 154.1510 (Caled. for C) ot 0: 
154.1514), 154(1), 138(15), 110(18), 82(80), 78(100), 77(92), 
54(70), 39(38); ir (liquid film) 3320 (0H), 1950 (C=C=C), 1060 


LC H,,0H) . 


Synthesis of 1-Methoxy-2-octyne 


To a cooled (0°) solution of l-heptyne (13.4 ml, 9.617 g, 
0.1 mole) in ether (150 ml), a solution of n-butyllithium in 
hexane (55.3 ml, 0.1 mole, 1.81M) was added during one hour. The 
white suspension was cooled to -20° and chloromethyl methyl ether 
(7.58 ml, 8.05 g, 0.1 mole) was added dropwise over 20 minutes. 
The mixture was allowed to warm to room temperature and then 
poured into ice-water, saturated with NaCl, and extracted with 
ether. The organic layers were combined, washed with brine and 
dried over Na.S0O The solvent was eliminated at reduced pressure 


Bead 
and the residue was fractionally distilled. A fraction boiling 
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20 
D 


1.4391; ir (liquid film): 2220 and 2280 (C=C), 1100 (C-0-C); 


at 66°/8 mn afforded 6.40 g (46%) of 1-methoxy-2-octyne, n 


NU Ooo do ate ee 2OHZ.....211), HOC He Oe ZnS ich) OC 


of a 


2.0-2.4 (m, 2H) CHC H,C=C, 1.1-1.65 (m, 6H) CH,(C #,),, 0.7- 


Z 
bed n(n SE uC H4C H; mass spectrum M’-1 (M” not large enough 

to measure) m/e: 139.1123 (Caled. for CoH, .0: 139.1115), 97(99), 
84(70), 79(68), 67(97), 45(75), 41(100). Anal Caled: C, 77.09; 


Hosll.50.° Fowd: C, 77.10; H, 11.23. 


Reaction between 1-Methoxy-2-octyne and Diisobutylaluminum 


Hydride (DIAH) 


To a stirred solution of 1-methoxy-2-octyne (1.40 g, 10 mmole) 
in 3 ml of ligroin, DIAH (1.87 ml, 10 mmole) was added and the 
mixture maintained at 34° for 5.5 hours. The mixture was worked 
up in the usual way and analyzed by glc (colum A, 1105), 1,2- 
octadiene was detected in 57% and l-octene in 5%. The solvent was 
evaporated at atmospheric pressure and pure samples were isolated 
by preparative glc. When the reaction was repeated at Se. the 
allene was produced in 55%, l-octene in 5% and starting material 
present in 21%. 1,2-Octadiene, no? 1.4401 (1it.* nj? 1.4440); 
pe: © *S 4575=593)mi ih) GPa e=C Hs 4.4-4.75 (m, 2H) C H=C=C Hp, 
Paez yo? ne can ye H=C=C H,, I-65" Gnye6H)-C H,(C H») .C Hy, 
OFF- TET ty Aye HAC H3 Vee liquid ‘f1im) > "1950, 1695, 838 
(C H=C=C H,). 1-Octene was shown to be identical (nmr or ity with 


an authentic sample. 
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Reaction between 1-Methoxy-2-octyne and Diisobutylaluminum 
Hydride in Methylene Chloride 


The same procedure described above was followed, but methylene 
chloride was used instead of ligroin. After six hours, 1,2-octa- 
diene was present in 56%, starting material 20% and l-octene in 
8%. After 12 hours: allene, 67%; starting material, 153; Sere. 


10%. 
Synthesis of 2-Octyn-1-ol 


To a cooled (0°) solution of l-heptyne (26.8 ml, 19.23 g, 
0.2 mole) in 500 ml of ether, n-butyllithium in hexane (110.6 ml, 
0.2 mole, 1.81M) was added dropwise over 1.5 hours. The white 
suspension was allowed to warm to room temperature and then 
paraformaldehyde (6.6 g, 0.22 mole, dried over P.0,) was added. 
The mixture was stirred for two hours and then poured into ice- 
water. The organic layer was separated and the aqueous layer 
extracted with ether. The combined layers were washed with water, 
brine and dried over Na,SO,. The solvent was eliminated at 
atmospheric pressure. Distillation of the residue afforded 19.34 


g (78%) of 2-octyn-1-01, bp 101-102°/15 mm (1it.°° 98°/15 mn). 
Synthesis of 1-Chloro-2-octyne 


To a boiling mixture of thionyl chloride (3.65 ml, 5.65 g, 
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90 mmole), tri-n-butylamine (15 drops) and 15 ml of ether, 
2-octyn-l-ol (6.3 g, 50 mmole) was added dropwise and then the 
mixture refluxed for 4 hours. Evaporation of the solvent and 


fractional distillation afforded 6.53 g (92%) of 1-chloro-2- 


7 a7 


octyne, bp 71-72°/9 mm (1it.”’ 40-41°/0.5 mm) 2° 1.4604, Lit. 


26 


My 1.4590. 


Hydride (DIAH) 


To a stirred solution of 1-chloro-2-octyne (2.89 g, 20 
mmole) in methylene chloride (10 ml), DIAH (3.75 ml, 20 mmole) 
was added dropwise maintaining the temperature below 25°. After 
a reflux period, the reaction mixture was worked up and analyzed 
by glc. 1,2-octadiene was present in 32%. Furthermore, many 


unidentified compounds were detected by glc. 
Synthesis of 1-Tetrahydropyran-2'-yloxy-2-octyne 


A solution of 2-octyn-1-ol (12.6 g, 100 mmole) and 
dihydropyrane (9.22 g, 110 mmole, freshly distilled from sodium) 
in 150 ml of methylene chloride was treated with a few crystals 
of p-toluensulphonic acid. After a slight increase in temperature, 
the mixture was stirred for 30 minutes followed by addition of 


0.1 g of anhydrous K,CO The stirred mixture (one hour) was 


a 
filtered and concentrated in the rotatory evaporator. Fractional 
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distillation afforded 20.91 g (c.a. 100% yield) of the title 


8 


compound, bp 72-79°/0.1 mm (1it.°° bp 91-96°/0.3 mm). 


Reaction of 1-Tetrahydropyran-2'-yloxy-2-octyne with 


Dissobutyaluminum Hydride (DIAH) 


To a stirred solution of the tetrahydropyranyl ether 
synthesized above (5.25 g, 25 mmole) in 20 ml of pentane, DIAH 
(4.7 ml, 26 mmole) was added over 30 minutes. After a reflux 
period of 9 hours, the reaction mixture was analyzed by glc. 


36% of 1,2-octadiene was detected. 


Hydride (DIAH) 


To a cooled (10°) solution of 2-octyn-1l-ol (2.52 g, 20 mmole) 
and triethylamine (3.13 g, 30 mmole) in 80 ml of benzene was 
treated with methanesulphonyl chloride (2.52 g, 22 mmole). The 
mixture was stirred for 30 minutes at 10° and then poured into 
ice-cold 5% H,SO, - The organic layer was separated and washed 
twice with water, cold 10% K,COz solution and finally again with 
water. Concentration of the solution tn vacuo afforded a residue 
(3.20 g) which was analyzed by nmr: 6 4.86 (t, J = 2.3 Hz, 2H) 

C HOC H., 
121A, Got), C H,(C H4) 3C H OL7e1 Aoi, 3H), HC Hp. The 


3.1. {s, 3H) 080,C #,, 2.0-2.4 (m, 2H) CHC #,CeC, 


residue obtained above was dissolved in 50 ml of methylene chloride, 


the solution was cooled to -20° and treated with DIAH (2.8 ml, 15 
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mmole). Slow warming to room temperature and stirring overnight 
afforded, after the usual work-up, a quantitative formation 


of 2-octyne (glc). A pure sample was isolated by evaporative 
20 26 20 
D ai 
mires 12942 )Sutm, 2G H,C=C, TAst(tyeJne 25 Heiz) Gee 


distillation (140°/700 mn), n<° 1.4280 (lit. 1.4285); 


5° 


1.1-1.7 (m, 6H) CH,(C #,),C H,, 0.7-1.1 (m, 3H) C #,CH,; ir 


2 
(liquid film): absence of absorption between 2100-2300 cmt, 


Synthesis of 1-Methoxy-2-undecyne 


To a cooled (0°) solution of 1-decyne (36.2 ml, 27.65 g, 
0.2 mole), a hexane solution of n-butyllithium (110.6 ml, 0.2 
mole, 1.81M) was added during one hour. The mixture was cooled 
to -20° and chloromethyl methyl ether (15.16 ml, 16.10 g, 0.2 
mole) was added dropwise. After slow warming to room temperature 
the mixture was poured into ice-water and extracted with ether. 
The layers combined, washed with brine and dried over Na,SO,. 
The solvent was removed under reduced pressure. Distillation 
at reduced pressure afforded 18.64 g (67%) of 1-methoxy-2-undecyne, 
bp 114-115°/9.5 mm, ni? 1.4596; ir (liquid film): 2220 and 2280 
cm) (CeC); nmr: 6 3.95 (in, 2H) C-C=C 2,0C Hy, 3.26 (s, 3H) 


O-GF 22052 07 Unxak):,. 6 HAC HoC=C, 1.3 (broad singlet, 12H) 


4 3 
G H,(C 4) 6C Hy, 0768-1 Gy 3H) Hz; mass spectrum m/e: 


182.1516 (Caled. for C,,H,,0: 182.1671), 93(42), 81(62), 79(42), 


70(61), 67(76), 55(100). Anat Caled. for C,,H,,0: C, 79.06; 


H, 12.16. Found: C, 79.26; H, 12.04. 
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Hydride (DIAH) 


A solution of 1-methoxy-2-undecyne (1.82 g, 10 mmole) in 
pentane (2 ml) was treated with DIAH (1.78 ml, 10 mmole), and then 
refluxed for 4 hours. Work-up and analysis by glc detected the 
formation of 39% of 1,2-undecadiene, no starting material was 


present. A pure sample of the allene was isolated by preparative 


glc (colum A, 150°) ir (liquid film) 1970 and 840 cm} 


Sb 


(H-C=C=C H,) (1it.7°P 1975 cm”). nmr: 6 4.7-5.2 (m, 1H) 


C H=C=C H,, 4.4-4.7 (m, 2H) C HeC=C #,, 1.65-2.2 (m, 2H) 


Zz? 


C HC H=C=C H,, 


P0R0n}) SH)oGer 


1.3 (broad singlet, 12H) C H,(C H5) 6C Hs 0.68- 
3° When the aforementioned reaction was carried 
out utilizing 1.5 equivalents of DIAH (3.99 ml, 15 mmole), at 
room temperature, after 4.5 hours 1,2-undecadiene was present in 
68%; starting material, 27%. After 24 hours: 1,2-undecadiene, 
69%; l-undecene, c a. 5-7% and starting material, c a. 10%. 

When this reaction was repeated using ethyl ether as the solvent, 


the reaction was very slow. After 18 hours, less than 40% of 


allene was produced. 
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THE REDUCTIVE CYCLIZATION OF UNSATURATED KETONES 
INTRODUCTION 


The synthetic chemistry of radical ions is a relatively 
new area of study. Despite the fact that many reactions occur 
by an electron transfer mechanism, this was not recognized until 
more sophisticated physical methods were developed (.e., epr, 
CIDNP). Reactions which were once believed to be "purely" 
ionic have since been revised and more clearly understood in 
terms of a free radical mechanism involving an initial electron 
transfer process oP 

Several of these procedures have found wide application in 
organic synthesis, and now form part of standard methods used 
in the organic chemistry ienoritorye. ce | Birch reduction, 
pinacol condensation, etc.). Unfortunately in many instances, 
determining the optimum conditions for these reactions has been 
carried out in a semi-empirical fashion. Only recently have 
such factors as the influence of the solvent, the nature of the 
electron transfer reagent, and the resulting changes in the state 
of aggregation of the electron transfer reagent been taken into 
consideration. 

Some of the most frequently used electron transfer reagents 


are solutions of metals (Li, Na, Ca, etc.) in liquid ammonia. 
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These have found success especially in Birch reductions and the 
reductive hydrogenation of internal Sey tenesmne. A disadvan- 
tage of these electron transfer reagents, often referred to as 
solutions of "solvated electrons'', is the poor selectivity 
observed with sensitive substrates. 

Another class of electron transfer reagents are the ones 
generated by interaction of metals and neutral molecules in 
ethereal solvents. These neutral molecules are generally 
aromatic hydrocarbons or compounds capable of accommodating an 
"extra'' electron. Some examples are were aie biphenyl , 
anthracene, hexamethylphosphoramide (HMPA) and trimesitylboron 
cmp) 192, 

When ethereal solutions of these compounds (HMPA can act as 
a solvent by itself) are treated with alkali metals, strongly 
colored solutions (usually green-dark-blue) are produced due 


to the formation of the radical anion. 


B + Na ——~ B Na 


A possible advantage of using these electron transfer 
reagents over solutions of metals in liquid ammonia is that by 


the proper choice of the reagent, it may be possible to select 
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the required electron potential necessary for a given chemical 
transformation. The versatility of such reagents as tools for 
organic synthesis is becoming more evident by the many transform- 


hee. Although at present 


ations they are reported to accomplis 
some of these synthetic applications do not present any 
Significant superiority over current classical methods, it is 
hoped that a better understanding of these reactions by means 
of more research in this area will provide an even wider source 
of applications to organic synthesis. 

Recently in our laboratories, a new synthetic application 
utilizing electron transfer reagents has been developed. The 


reductive cyclization of several unsaturated ketones was success- 


fully accomplished1953 , Some examples are depicted below. 
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‘oe || Be 
Li/TMB 
t-BudQH 
78% 
OH 
e) OH 
Li/TMB \z 
—_—_——— ee aa 
t-BuOH 
47% 48% 


The success of this procedure is no doubt due to a 
delicate balance of many factors, and in the following dis- 
cussion, some of the factors controlling this reaction will 
be described. As a model system the cyclization of 6-hepten-2-one 
using sodium biphenyl as the electron transfer reagent and water 
as the proton source will be considered. 

Initially, two competing reactions appear possible. Sodium 
biphenyl (half-wave potential (E, ) of biphenyl = -2.65 yil4 
can either transfer an electron to the carbonyl of the unsaturated 
ketone i (C=0) «= =2,0- to, -2.5 Vy “to ferniketyl 2, or 
behave as a base and abstract a proton from water to produce the 
intermediate 3. Intermediate 3 upon further electron transfer 
and proton absraction eventually gives rise to the Birch reduction 


product of biphenyl. 
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The feasibility of tranferring an electron to the olefin 
followed by intramolecular nucleophilic attack on the carbonyl 
is considered to be a less likely occurrence, since olefins 
(because of their high reduction potential) are stable in 
solutions of sodium in liquid ammonia in the presence of a 
proton source +2, Only such powerful electron transfer reagents 
as Na-HMPA (Ey. of HMPA = -2.9) are reported to transfer an 


electron to an isolated double bond?°. 


O LA O wd oO 
(~-9) Na+ — Ls $$ 


The dual behavior in reactivity of electron transfer reagents 
has been the subject of numerous studies 196-7, Tt has been 


found that the extent of electron transfer and proton abstraction 
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is a function of the state of aggregation (ion-pairing) and 
depends on the solvent system used. Solvents which provide 
efficient coordination, such as dimethoxyethane (DME), tend 
to favor the formation of ''loose ion" pairs. The opposite is 
observed when solvents such as diethyl ether are employed (in 
which the formation of '"'tight-ion" pairs is enhanced). 

Studies by Banks and coworkers! "have indicated that the 
extent of electron transfer is favored by solvents favoring 
"“loose-ion" pairs Oo This phenomenon has been explained 
on the basis that an electron transfer also involves an ion 
transfer (generally described as atom transfer), z.e., 
els OD 

: ms ‘ 

ye IN 


On this basis it is reasonable to expect that less energy is 


required to transfer the counterion to the new carbanion if the 
pairs are solvent-separated. Thus, the transfer between free 
ions is formally a simple electron transfer, while the transfer 
between ion pairs is a formal atom transfer 

By carrying out a reaction between a radical anion and an 
electrophilic substrate in a solvent such as DME, it is possible 
to favor the electron transfer process. The rate of electron 
transfer has been found to be very fast, approaching the diffusion 


1 


control limit (rate constant c a. 10° Mw ae while the rate of 


proton abstraction, a formal atom transfer, is much smaller (rate 


constant c a. 10° Miveee os poo 
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It is important to mention at this point that sodium-TMB 
displays a preference for electron transfer. This is due to the 
remarkable stability of this reagent towards proton sources! 10, 

Once ketyl 2 has been preferentially formed, aie con- 
ceivably undergo dimerization (pinacol type) to 4, intramolecular 
cyclization to produce 5, or abstraction of a proton from water 
to yield the hydroxy radical 6. 

The dimerization of ketyl 2, which ultimately would produce 
a pinacol, has not been observed in any of our cyclization 
reactions. One of the reasons for this could be that dimerization 
of ketyls is generally favored by the presence of a di- or poly- 
valent counterion such as magnesium or aluminum. These ions 
presumably effectively compensate for the electrostatic repulsion 
of the approaching negative charges. Also, it has been observed 


that dimerization of ketyls is minimized by use of effective 
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The possibility of transferring a second electron to give - 
dianion 7 appears highly unlikely since the potential expected 
for addition of a second electron to a single ketyl is signif- 


icantly more negative than -3ylz, 
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If the cyclization of ketyl 2 to form the cyclic intermediate 
5 is indeed the path by which the desired cyclic alcohol arises, 
this would indicate that the presence of a proton source is not 


required. Experiments in our laboratoriesl03have shown that when 


svig od corfoole booses 5 yokrestianry de: acne oan | ‘a 


fect te 


botouqee leivastog ode equi. aioe ‘ig td emmoigys X okt 
~Lingiz et [vied efyate-« of saebeibe: bagoec3: peers) 


-eaei'tn foftonts 2ELoYS ‘eared ent rho tee a dteq edt pe? 
hint 
a 7 


Se en ee 


ihe 


; i g 
i 


a 


- 124 - 
the cyclization was carried out in the absence of an external 
proton source, 50% of starting material together with 50% of 
cyclized product was obtained. This result may reflect the 
fact that the ketone 1 is itself serving as proton source with 
formation of the enolate la, which, upon hydrolytic work-up, 


affords the starting material. 
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Thus, the presence of external proton source would be 
necessary to drive the reaction to completion by converting the 
unreactive enolate la, into the ketone 1 (and thence into 
cyclized product) . 
At the same time, a mechanism involving a hydroxy radical 
6, resulting from abstraction of a proton from the ketone 1 


(or other proton source) is also feasible. 
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Thus, either ketone 2 or hydroxy radical 6 could be conceivable 


intermediates in the cyclization step. 

One piece of chemical evidence for the possible existence of 
the hydroxy radical 6 is found in the formation, under certain 
circumstances, of small amounts of the reduced ketone 8. An 
analogy for a somewhat similar formation of hydroxy radicals is 


the reduction of ketones with sodium in hydroxylic solvents!}1 
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Thus, hydroxy radical 6 can undergo an electron transfer and 


subsequent proton abstraction to afford 8. 
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According to this line of argument, if 6 is an intermediate 
in the cyclization reaction, the ratio of reduction/cyclization 
product should depend on whether the cyclization is faster or 


slower than the second electron transfer step. 
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Independent studies carried out on the cyclization of 


5-hexenyl radicals have shown that the reduction depends mainly 


on the concentration of the electron transfer reagent!15 , 
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When 6-fluorohexene was treated with a 0.273 x 107M solution of 
sodium-naphthalene the reduction/cyclization ratio was 2.0. How- 
ever, when the initial radical anion concentration was increased 


approximately 17-fold(7.e., 4.61 x 10°) this ratio changed 
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On the basis of these results, it would be expected that if 


to 1522; 


the hydroxy radical 6 is the intermediate of the reaction, cycliz- 
ation should be favored by low concentrations of the electron 
transfer reagent. Experimentally, this can be performed by 
generating the sodium-biphenyl in sttu. . That is, as soon as 
the initial blue coloration starts to develop in the surface of 
the sodium, the enone and the proton source are added so that the 
radical-anion is consumed as quickly as it is formed. 

Factors such as the aforementioned ones were taken into 
consideration for the study of reduction cyclization of several 
unsaturated ketones undertaken here. 


Several attempts to synthesize tertiary alcohols by intra- 


molecular cyclization have been reported in the literature! >, 


Among these, the most successful is the electrochemical method 
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recently reported by Shono and Mitani One very interesting 
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aspect of this method is the remarkable stereoselectivity observed. 


For example, enone 9 was shown to undergo cyclization to afford 


exclusively, 66% of the eis alcohol 10. 
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Furthermore, the ets six membered ring alcohol 12 was 
formed in 50%, accompanied by 10% of the uncyclized alcohol when 


the unsaturated ketone 11 was subjected to electrolysis. 
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An attempt to cyclize the enone 13 proved to be unsuccessful 


and only reduced ketone 14 was produced. 
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The cyclic tertiary alcohols obtained above by reductive 
cyclization are rather simple molecules and can be readily 


synthesized by other routes. Nevertheless, when these tertiary 
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alcohols of a similar structural type are present as a unit in 
complicated molecules (¢.e., some natural products), the synthesis 
of such systems poses a serious challenge. This is especially 
true when the hydroxyl group is at a bridgehead position. 

Recently a great deal in interest has been devoted to the 
synthesis of gibberellic acid 15. One of the more interesting 
challenges in such a synthesis is the construction of the 
1-hydroxy-7-methylenebicyclo(3.2.1)octane ring system (C-D rings). 
This unusual feature of an exocyclic methylene adjacent to a 
bridgehead hydroxyl group makes this system especially unstable, 
since it undergoes rearrangement to the isomeric ketone in the 


presence of acids, 
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The first approach to the construction of a model of the 
C-D rings of gibberillic acid was reported by Stork and co- 
eee 

It was shown that the y-ethynyl ketone 16, upon treatment 
with lithium in liquid ammonia afforded c a. 50% yield of the 
cyclic allylic alcohol 17. However, this compound could not 
be isolated in pure form due to the presence of reduction 


products. 


16 Ly 
A more favorable case, 18, where the propargyl group was in 
a 1,3-axial position to the carbonyl group, produced c a. 50% 


yield of the tricyclic alcohol 19 upon reductive cyclization. 
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Although these results were encouraging, the system studied 
was not entirely representative because the ring junction was 
trans, thus making the approach to the two unsaturated centers 
more favorable. An attempt to cyclize 20, a more realistic model 
in connection with gibberellic acid synthesis, resulted in low 
yields of the cyclized product 21. This was probably due to the 


predominant equatorial conformation of the propargyl group. 


Recently, the same approach has been utilized by Miller!17 


for the synthesis of the tricyclic model 23 by reductive cycliz- 


ation of 22 with lithium in liquid ammonia. 


Compound 23 was produced in 50% yield accompanied by reduction 


products. However, the stereochemistry of the ring fusion of either 
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22 or 23 was not proven to be cts. This point has considerable 
7 


importance in light of the results reported by Stork and 


coworkers 116 


; Since a trans fusion in 22 would place the pro- 
pargylic group in an axial position favoring cyclization. 
Several new approaches to the synthesis of the bicyclo(3.2.1) 
system present in gibberellic acid have been reported recently. 
Especially interesting is the reductive cyclization of sub- 


strates such as 24 utilizing dibutylcopper lithium!8, 


One of the drawbacks of this approach is the requirement of 
very carefully controlled conditions, since side reactions (such 
as. the coupling of the cuprate with the vinyl bromide portion) 


are also possible. 


Corey and coworkers reported the coustruction of the (tricyclic 


compound 25 by means of the pinacol cyclization, 
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Another interesting sequence of reactions which led to the 


synthesis of the model 1-hydroxy-7-methylene-bicyclo(3.2.1)octane 


System 26 was described by Ziegler and Mioek* The steps are 
depicted below. 
Hl a TsO 
C=O Ne : = 
HC= = “H, 
ee 
hv 
L.. Ad AIH 
4 
2. tetle,, By 
1. AcOH OH 
ee Ase 
2. LiAlH, sai 
26 


Several other approaches to the bicyclooctane system have 


band Ireland!?! , However, 


been developed by the groups of House 
these approaches all involve multi-step procedures. 

Recently the successful reductive cyclization of several 
unsaturated ketones by electron transfer reagents has been 
accomplished in our laboratories. A variety of five membered 
ring tertiary alcohols were synthesized by this method; however, 
the possibility of forming six membered ring tertiary alcohols 
was not examined. Also, as in the electrolytic work of Shono and 


Mica ty attempted radical anion promoted cyclization of 


5-hexen-2-one resulted in the exclusive formation of 5-hexen-2-ol. 
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The purpose of the research undertaken here was to invest- 
igate the feasibility of extending the scope of the reactions to 
the synthesis of six membered ring alcohols. Also, a reinvest- 
igation of the cyclization of 8-vinyl ketones was undertaken. 

In addition, the possibility of forming a bicyclic system similar 
to the one present (C-D ring) in gibberellic acid utilizing 


reductive cyclization was investigated. 
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~ RESULTS AND DISCUSSION 


The research was initiated with the study of the formation 
of six membered ring tertiary alcohols. The substrate chosen 
for this purpose was 7-octen-2-one. This compound was prepared 
by the coupling reaction between the iodoketal 27 with the 
allyllithium-TMEDA complex, followed by hydrolysis. The synthesis 
of the allyllithium-TMEDA complex was carried out by the direct 
metalation of propylene with n-butyllithium in the presence of 


Twepa 17 


TMEDA ; 
C H.C-H=C-H., + in -Buby Fea NCB Mr H-C-H,Li*TMEDA 


H,C=C-HC-H,Li : TMEDA - 


HO /11,0/Me0H 0 


In order to compare the cyclization products with authentic 
samples, ets and trans 1,2-dimethylcyclohexanol were synthesized. 
The reaction between methylmagnesium iodide and 2-methylcyclo- 
hexanone afforded a mixture of the evs and trans alcohols in a 


ratio of c a. 20:80 respectively. The trans isomer was obtained 
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as a pure compound by preparative glc. The mixture of cis and 
trans alcohol was dehydrated utilizing phosphoric acid; 
1,2-dimethylcyclohexene was obtained as the major product 


(> 95% pure). 


20:80 


Hydroboration of the olefin mixture followed by an oxidative 
work-up resulted in the formation of the eis alcohol (> 97% pure 


by glc) An analytical sample was isolated by preparative glc. 
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As an exploratory experiment, the cyclization of 7-octene-2-one 
was carried out under the same optimum conditions utilized for the 
cyclization of 6-heptene-2-one. These conditions involved using 
sodium-biphenyl (6 and 3 equivalents, respectively) as the electron 
transfer reagent and water (1.2 equivalents) as the proton source 
in dimethoxyethane as the solvent. The sodium-biphenyl radical 
anion was not preformed, but instead, was used in an in sttu 


procedure. That is, a solution of biphenyl in DME at 135° eo. =40- 
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was treated with sodium shavings, and once the surface of sodium 
became blue a solution of the enone and water in DME was added 
at a rate to maintain the blue coloration on the surface of the 
sodium. This technique presumably assures the presence of radical 
anion in low concentration. It was observed that after 1.5 hours 
the mixture stayed permanently blue. After an additional 30 min- 
utes the mixture was quenched and analyzed by glc. The ezs and 
trans-1,2-dimethylcyclohexanols were formed in a ratio of 3:1 
respectively; however more than 40% of starting material remained. 

It was finally found that 3 equivalents of water were 
necessary to drive the reaction to completion. This resulted in 
the formation of 54% of ets alcohol and 13% of the trans carbinol. 


In addition, 5% of the reduced ketone, 7-hexen-2-01, was produced. 


The possibility of increasing the yields was examined utiliz- 
ing sodium trimesitylboron (Na-TMB) instead of sodium-biphenyl as 
the electron transfer reagent. Also, water was replaced by 
t-butyl alcohol as the proton source. The reaction with 5-octen- 
2-one proved very slow and although small amounts of ezs and trans 
cyclized alcohols were formed shortly after addition of the enone, 


the formation of 7-octen-2-0l was increasing steadily (as 
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monitored by glc). At the end of the reaction, more than 90% 
of the uncyclized alcohol was produced, in marked contrast with 


the results obtained with sodium-biphenyl and water. 


Oe SO 
t-BuOH 


>90% 

As a matter of comparison, Stork's method 114¢or the cycliz- 
ation of y-alkynyl ketones utilizing lithium in liquid ammonia in 
the presence of ammonium sulphate, was utilized with 7-octen-2-one. 
After six hours, glc analysis of the mixture showed the following 
product distribution: 7-octen-2-0l (52%), ets and trans-1,2- 
dimethylcyclohexanol (28% and 6%, respectively), 7-octen-2-one 


(<153)> and#2-octanole(Gya... 5%) 
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in tight -of these xvesults ‘ip is clear that the sodiun- 
biphenyl method offers a clear advantage over the lithium in 
ammonia procedure for reductive cyclizations to cyclohexanol 
derivatives. 


It has been observed by Shono and eee ae and also in 
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our laboratories, that acyclic 8-olefinic ketones, such as 
5S-hexen-2-one, undergo reduction upon electrolysis, or treatment 


with electron transfer reagents. 


In an attempt to establish if a §-vinylcyclohexanone deriva- 
tive could cyclize, attempted cyclization of enone 28 was 

! : Feros i ; 
examined in our laboratories . However, this experiment 
resulted in the exclusive formation of the isomeric alcohols 29, 


and no bicyclic alcohol could be isolated. 


Nevertheless, it can be argued that the presence of the 
axial methyl group in ketone 28 produces a 1,3-axial interaction 


which hinders the approach of the vinyl group to the carbonyl. 
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To test this possibility, the unfavorable 1,3-axial inter- 
action was removed by the preparation of enone 30 (by 1,4- 


5-4 


addition of the divinylcopper 1ithium-hexamethylphosphorous 


triamide complex to 3-methyl-2-cyclohexenone. ) 


O 


LiCu(C H=C H.).,:(P-(N(C H 


2)2 3)2)3)5 


30 


The ketone 30 was subjected to a variety of reaction conditions 
such as: sodium-biphenyl/water, sodium-biphenyl/t-butyl alcohol, 
sodium-TMB/t-butyl alcohol, etc.. In all cases complex mixtures 
were formed and no bicyclic alcohol could be isolated. In view 
of the complexity of this system this reaction was not further 
explored». Theslack of Success in the cyclization of such @-vinyl 
ketones may be a consequence of the unfavorable geometry of these 
systems. Although models of these systems indicate that the ter- 
minal carbon of the vinyl group and the carbonyl carbon can 
approach the range of bonding distances, nonetheless, the p-orbit- 
als of these centers are non-parallel (which would be required for 
maximum favorable overlap). 

Finally, in connection with gibberellic acid, the possibility 
of preparing a model of the C-D unit of this natural product, 


namely, 1-hydroxy-7-methylene-bicyclo(3.2.1) octane 26 was considered. 
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26 


The finding that 5 and 6 membered rings can be readily 
prepared by reductive cyclization of y-ethynylketones and 
B-allenylketones 103 suggested two potential precursors for 


the synthesis of 26. 


0 
HO 
Y \ 
31 + Saathes 
O pone orate 
V4 pee 


Attention was first focused on the synthesis of the allenyl- 
ketone 32. Having already synthesized ketone 28, it was decided 
to first explore the possibility of preparing 8-allenic ketone 34. 
By analogy with the synthesis of 5 ,6-heptadien-2-one 103 the 


preparation of compound 34 was approached as depicted in Scheme I. 
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Compound 28 was readily ketalized using ethylene glycol and 


p-toluensulphonic acid to produce the olefinic ketal 33 in high 

yield. However, attempts at preparing the dibromocyclopropane 

unit by treatment of 33 with bromoform and potassium t-butoxide 

in pentane resulted in > 90% recovery of starting material. In 

view of this result, the synthesis of allenic ketone was replanned 
25 


by a procedure similar to the one reported by Thompson to 


introduce an allenic group at the bridgehead. Scheme II indicates 


the steps. 

Scheme II 
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Disappointingly, ozonolysis of 33 was found to be complex. 
Utilizing solvents such as pentane, methanol, a methylene 
chloride and carrying out the decomposition of the ozonide with 
dimethylsulfide, these reactions invariably afforded mixtures of 
products resulting from transketalization. 

As a consequence, a reinvestigation of the 1,4-addition of 
a propargyl unit to cyclohexenone as described previously (Chapter 
I) was undertaken. 

Organocuprates are selective reagents for the conjugate 
addition of alkyl, vinyl, allyl, and aryl groups to unsaturated 
ketones?°, Nevertheless, despite several attempts, the conjugate 
addition of a propargyl group has not yet proven successful. 

The reaction between cyclohexenone and the Grignard reagent 
derived from propargyl bromide in the presence of one equivalent 
of cuprous iodide resulted in the exclusive formation of the 
1,2-addition product. A similar result was obtained when zinc 


instead of magnesium was used. 


\\ 
0 HO 
Cul 
+ H,C=C=C-HMgBr ——————+ 


The observations described above (Chapter I) utilizing the 
"propargylating reagent'' and cuprous iodide represent the first 


example of the successful 1,4-addition of a propargyl group to an 
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unsaturated ketone. At the outset of the reinvestigation of this 
reaction, results were difficult to reproduce. For example, if 
the mixture of allene and n-butyllithium in ether:hexane (1:1) 
(after being warmed to 20°} was stirred for one hour, sequential 
treatment with cuprous iodide and cyclohexenone produced 
exclusively the 1,2-addition product. However, if the mixture 
was warmed to esi stirred for c a. 15 minutes, then treated 
with cuprous iodide followed by cyclohexenone, three products 
were obtained: 3-butylcyclohexanone as the major component, 
3-(2-propynyl) cyclohexanone, the desired substrate, and 1-(2-pro- 


pyny1) -2-cyclohexene-1-o0l, the 1,2 addition product. 


AN 
O ) O HO 
al gi ar ga 
n-CyHo | 

If it is assumed that the 1,4-addition product resulting from 
the migration of the propargyl group arises from the cuprate (from 
interaction of allenyllithium and cuprous iodide) , these observ- 
ations can be rationalized on the basis of the disproportionation 
of allenyllithium. Presumably, under the first set of conditions 
(t.e., after stirring for one hour), the propargylating reagent 
undergoes disproportionation to the dilithium salt, CHL, and 
in part also rearranges to propynyllithiun. 
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Thus, no migration of the propargyl group is observed. If 
the propargylating mixture is stirred for too short a period of 
time (z.e., allene metalation is incomplete) the unreacted 
n-butyllithium can give rise to the formation of 3-butylcyclo- 
hexanone, (presumably via the n-butylcuprate complex). 

By manipulating these conditions, it was ultimately found 
that the best yield of 3-(2-propynyl) cyclohexanone was c a. 30%. 
The pure y-ethynyl ketone was separated by colum chromatography 
over alumina. 

To cyclize this ketone, the optimm conditions found in our 
laboratories for the cyclization of 6-heptyn-2-one were initially 
employed. 

Reaction of 3-(2-propynyl) cyclohexanone with sodium-biphenyl 
generated tn sttu in the presence of water (2 equivalents) resulted 
in the formation of the desired cyclized product. However, c a. 
40% of the starting ketone was also detected by glc. Attempts to 
purify the cyclized product were unfruitful due to the presence 
of by-products with very similar glc retention times. When the 
reaction was carried out in the presence of 3 or 4 equivalents of 
water, the proportion of by-products increased. When the proton 
source was changed to t-butyl alcohol, the main product was the 
simple reduction product, the uncyclized alcohol. In all the 
aforementioned experiments, the isolated cyclized product was con- 
taminated by aromatic compounds (by nmr) probably arising from 
the reduction of biphenyl. Thus, it was decided to explore the 


use of sodium-TMB, since this electron transfer reagent is 
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reasonably stable towards proton sources. 

In an exploratory run utilizing Na-TMB at 0° in the presence 
of t-butyl alcohol (2 equivalents), 40% of the cyclized alcohol 
was produced; nevertheless the reaction was incomplete. However, 
when a large excess of t-butyl alcohol was used (10 equivalents), 
after four hours, 55% of the cyclized product was present. Work- 
up of the reaction mixture after seven hours afforded 77% (gic) 
yield of 1-hydroxy-7-methylene-bicyclo(3.2.1)octane which was 


isolated in 65% ( > 95% pure by glc). 


0 HO | 
Na/TMB 
Za ¢-BuOH/DME 
i 77%, gic 
ah | EO oat Grd Shiectat ea 


It is worthwhile mentioning that although only one of the 
conformers (presumably the less stable) of the y-ethynyl ketone 
can undergo cyclization, high yields of cyclized product were 


obtained. 
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In conclusion, the scope of the reductive cyclization of 
unsaturated ketones utilizing electron-transfer reagents was 
extended to the synthesis of six membered ring tertiary alcohols. 
Also, the versatility of one of the cyclization reactions was 
demonstrated in the synthesis of a structurally complex molecule, 
namely, 1-hydroxy-7-methylene-bicyclo(3.2.1)octane, amodel for 
gibberellic acid synthesis. 

The use of the cyclization reaction, in concert with the 
novel 1,4-addition of a propargyl group to an unsaturated ketone 
allowed the preparation of the above mentioned bicyclo compound 


in two steps from 2-cyclohexenone. 
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In conclusion, the scope of the reductive cyclization of 
unsaturated ketones utilizing electron-transfer reagents was 
extended to the synthesis of six membered ring tertiary alcohols. 
Also, the versatility of one of the cyclization reactions was 
demonstrated in the synthesis of a structurally complex molecule, 
namely, 1-hydroxy-7-methylene-bicyclo(3.2.1)octane, amodel for 
gibberellic acid synthesis. 

The use of the cyclization reaction, in concert with the 
novel 1,4-addition of a propargyl group to an unsaturated ketone 
allowed the preparation of the above mentioned bicyclo compound 


in two steps from 2-cyclohexenone. 
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EXPERIMENTAL 


General Considerations 


Mass spectra were recorded at 70 ev. on an AEI Model MS-9 
Spectrometer. Spectral data are expressed in the following 
manner: m/e: peak mass (relative intensity). 

Infrared spectra (ir) were recorded using a Unicam SP 1000 
Infrared Spectrophotometer. Proton nuclear magnetic resonance 
(nmr) spectra were recorded on a Varian A-60 or HR-100 Spectro- 
meter. Unless otherwise stated, carbon tetrachloride was 
employed as the solvent and chemical shifts are reported in 6 
values. The following abbreviations are used in the text: s = 
singlet, d = doublet, t = triplet, q = quartet and m = multiplet. 

The °c nmr spectra were determined using a Bruker HFX-90 
spectrometer. Gas chromatographic (glc) analyses were performed 
using a Varian Aerograph Series 1200 versus a reference solution 
of the authentic compounds or utilizing an internal standard 
(n-butylbenzene) . 

All the reactions were carried out under an atmosphere of 
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oxygen-free nitrogen 
Preparation of Radical Anion Solutions 


Biphenyl was crystallized from methanol and dried over Po0,. 


Trimesitylboron was purified by passing a solution of this 
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compound in benzene though a short colum of alumina or silica 
gel and the solvent eliminated in vacuo. Dimethoxyethane (DME) 


was freshly distilled prior to use from sodium-benzophenone ketyl. 
Sodium Trimesitylboron 


A solution of trimesitylboron (one equivalent) in DME was 
treated with sodium shavings (two equivalents). The solution 
was stirred for three hours at ambient temperature (glass 


coated stirring bar). 
Synthesis of 7-Octén-2-one 


To a cooled (-50°) hexane solution of n-butyllithium (21.3 
ml; 33 Paris 1.55M) in 10 ml of ether, TMEDA (3.83 g, 4.9 ml, 
33 mmmole) in 10 ml of ether was added dropwise. The mixture was 
cooled to -78° and propylene (6.93 g, 11.55 ml, 165 mmole) was 
distilled into the flask. Then the bath was removed. The 
contents of Dry-Ice condenser were allowed to evaporate overnight 
after which a precipitate had formed. The mixture was cooled to 
-78° and a solution of the ethylene ketal of 5-iodo-2-pentanone 
(3.5 g, 13.7 mmole) in 20 ml of ether was added (30 minutes) 
followed by slow warming to room temperature and stirring for two 
hours. The mixture was poured into ice-water and saturated with 
NaCl. The aqueous layer was extracted with ether, the organic 


layers combined and washed with brine and dried over Na,SO, . The 
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solvent was removed at atmospheric pressure and the residue was 
refluxed in a mixture of methanol (10 ml) and water (10 m1) in 
the presence of one drop of concentrated hydrochloric acid for one 
hour. The mixture was poured into water and extracted with 
pentane. The organic layer was washed three times with water and 
brine. Distillation of the dried (Na,SO,) 5 concentrated residue 
afforded 1.0 g (64%) of 7-octen-2-one, bp 69-70°/15 mm (1it 122 
Tel o/s mm), identical in all respects (nmr and ir) with an 


authentic sample. - 
Reaction between Methylmagnesium Iodide and 2-Methylcyclohexanone 


A solution of 2-methylcyclohexanone (22.4 g, 0.2 mole) in 
100 ml of ether was added to a solution of methylmagnesium iodide 
in ether (0.25 mole, 500 mi, 0.5M, prepared by the interattion 
of 35.4 g/0.25 mole of methyl iodide and 16.5 g, (0.3 g-atom), of 
magnesium) keeping the temperature below -5°, The mixture was 
brought to room temperature and poured into a mixture of ice and 
10% hydrochloric acid. The aqueous layer was extracted with ether, 
the organic layers were combined and washed successively with 
53. ydrochlorie acid, water and brine, .lhe.dried (Na,SO,) con- 
centrated residue was distilled under vacuum to provide 22.82 g 
(89%) of an isomeric mixture of cts and trans-1,2-dimethylcyclo- 
hexanol (ets:trans, 20:80). Preparative glc (10% Carbowax 20M) 


afforded an analytical sample of the trans isomer, ne 1.4611 
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Dehydration of eis and trans-1,2-dimethylcyclohexanol 


A mixture of ets and trans-1,2-dimethylcyclohexanols 
obtained above (10 g, 0.78 mole) and 2.5 ml of 85% HPO, was 
distilled and the fraction boiling below 145° was collected. 
The distillate was washed with water and dried over CaCl,. 
Distillation of 130-131°/700 m (zit, 60 bp 135-136°/760 mm) 
afforded 7.75 g (91%) of 1,2-dimethyl-1-cyclohexene containing 
c a. 5% of 1,2-dimethyl-2-cyclohexene; nmr: 6 1.55 (broad 


SInetet) =C-C HH, 0298) (d, J = 6 Hz) C H=C He (impurity). 


3? 
Synthesis of cis-1,2-dimethylcyclohexanol 


To a cooled ‘cus solution of 5.5 2 (50 mmole) of the olefinic 
mixture obtained above in 50 ml of THF was added a solution 
of diborane in THF (50 ml, 50 mmole, 1M). The temperature was 
allowed to rise to 25° and the solution was stirred overnight. 
Water (5 ml) was added (0°) to destroy the excess of diborane. 
Then 3 N NaOH (15 ml) was added, followed by the dropwise addition 


Of 15’ ml o£ 507° H keeping the temperature between 30 and dOnt 


ie 
After stirring the mixture at 45° for 30 minutes, it was poured 
into water and saturated with NaCl. Extraction with ether and 
elimination of solvent from the dried (Na,SO,) extract afforded 

a residue which was fractionally distilled to provide 4.88 g (76%) 
ofa clear’ liquids bp 99-100°/50 mn Gee oY bp 82.8°/25 mn), 


consisting of more than 97% of ets-1,2-dimethylcyclohexanol. An 
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analytical sample was collected by preparative glc (10% Carbowax 
20M); n° 1.4647 (Lit. 0,20 1.4625); nmr: 6 1.05 (s, 3) 
G HC-OH. 


Reaction between 7-octen-2-one and Sodium-Biphenyl (formed in sttu) 


Tovarcooled (e552 to -40°) solution of biphenyl (0.462 g, 
3.0 mmole) in 15 ml of DME, sodium shavings (0.138 g, 6.0 mg-atoms) 
were added. Immediately after the blue color appeared on the 
surface of the sodium, a solution of 7-octen-2-one (0.126 g, 
1 mmole) and water (0.054 g, 3.0 mmole) in 5 ml of DME was added 
dropwise during one hour. After stirring for 2.5 hours, the 
mixture turned blue. After 30 minutes of additional stirring the 
reaction was quenched by adding 3 ml of saturated N H,Cl to 
destroy the excess of sodium. Brine (10 ml) was added and the 
layers separated. The aqueous layer was extracted with ether (3 
times). The organic phases were combined, washed with brine and 
dried over Na,SO, - A weighed amount of internal standard was 
added to the solution and it was analyzed by glc (10% 8,f-oxydi- 
propionitrile). czts-1,2-Dimethylcyclohexanol and the trans isomer 
were produced in 54% and 13% yield, respectively. Also, the 
formation of 7-octen-2-0l was detected (compared with an authentic 
sample prepared by reduction of 7-octen-2-one with NaBH)) . The 
three alcohols were characterized by peak-enhancement and glc 


mass spectral analysis. 


eos 


eaviod’yg) TU) ty aleictiteens 8 ama 
ee j wee “Sipe t OS hae 
ME .2) 20.0.8. tam ek 7" AD 


(wtte wo) bersen) if ist ee Dev ; cAcmeias 


can/0) Pvasdgea bad rater Gk> ait balsas balees wot) 
emitd-om Tid (a Bat) eae Be ime Ai to in ef, hts (oto 0 = 


stlt 0 herinsigyets whos oid aiparetis ctomitaat 


fahbs aay AT ho In 2 af fefome O42 a M00} tomer sie cao ae 
sl? ,2tuod 4.8 TOY parrtite Week shen ane. gitinub oxioepate 

ars ieee ber) + PBR BS obit we eTtA canst eras nn " 
al iH Mo tyatiemitee Bo: Tir 2 polis et heaton ine 

ont bie DebpS 2p (for OE4 aril eae er — Ag | 

£) terre dpiw borserind cee tee ean snpe at shaenisabe 
bine anitd <i bolbsw <heaétdiato See epanpin, semi oat & 
cow teebmuge Detriedat ko trates hevietow A Ries atid 
.diyee-9, 9° $02) stp Rl See hans cee DE tes tmidbtoe ont ot 6 
oltpeik omsies arly! Sng Lormxadeliyo lyutramial- Ct ie . (etiati — ) 
bill “(02d ctgvisooqeet jbteing Pel lite 22) at sono OH 
 upttus-dshin bame@nts) bagatah ant fovtumaa20-8 toi <i 
aft Giheey iti afto-Saibss0- Io obzoaben vd —— 


spac 
31 hits tremsonieing tked Ye Hey Presets orgy 2ledoate ee py 


- 153 - 
- Reaction bétween 7-Octen-2-one with Sodium Trimesitylboron (TMB) 


‘in the Presence of £-Butyl Alcohol 


To a cooled (0°) solution of sodium-TMB in 15 ml of DME 
(prepared from 0.552 g (1.5 mmole) of TMB and 0.069 g (3 mg-atom) 
of sodium), t-butyl alcohol (0.111 g, 1.5 mmole) was added followed 
by the dropwise addition of 7-octen-2-one (63 mg, 0.5 mmole) in 
3 ml of DME. The mixture was stirred for 4 hours at eae then over- 
night at room temperature. Work-up as described above and analysis 
by glc revealed the formation of 90% of 7-octen-2-0l (character- 


ized by peak enhancement and glc mass spectral analysis). 


Reaction between 7-Octen-2-one and Lithium in Liquid Ammonia in 


the Presence of Ammonium Sulphate 


To a stirred mixture of (NH,) ,S04 (264 mg, 2 mmole) and 
liquid ammonia (20 ml, distilled twice from sodium), a solution 
of 7-octen-2-one in THF (20 ml) was added dropwise. The admixture 
of lithium shavings (35 mg, 5 mg-atom) resulted in the immediate 
formation of a blue solution. After six hours the mixture was 
quenched and worked up in the usual way. Analysis by glc (exter- 
nal standard) and characterization by glc mass spectral revealed 
the presence of cis and trans-1,2-dimethylcyclohexanol in 28% and 
6% yields, respectively; 7-octen-2-one, less than 5%; 7-octen-2-ol, 


52%; 2-octanol, 5% (base peak at m/e = 45). 
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boron in the presence of t-Butyl Alcohol. | Synthesis ‘orf 


a Le AF 


To a cooled (0°) solution of sodium-TMB (from 1.104 g, 3 
mmole of TMB and 138 mg, 6 mg-atom of sodium) containing 
t-butyl alcohol (740 mg, 10 mmole) in DME (30 m1), a solution 
of 3-(2-propynyl) cyclohexanone (136 mg, 1 mmole) in DME (5 m1) 
was added over 30 minutes and stirred for 7 hours. Work-up 
as described above afforded a residue which was dissolved 
in the minimm amount of benzene and chromatographed over alumina 
(30 g, activity III). Elution with Skelly B afforded a 
quantitative recovery of TMB. Increasing the polarity by using 
Skelly B/ether (3:1) produced 95 mg (69%, 77% yield determined 
by glc from the original solution of the reaction mixture, utiliz- 
ing 10% Carbowax 20M as the colum). The compound was shown to 
be > 95% pure by glc, and identical (ir and nmr) with an authentic 
gate te Nmr: 6 4.94 and 4.77 (m, m, 1H, 1H) C=C Ho, Ze SOnkSs 
1H) O#. 150 omr: ppm (relative to TMS) 115.07 (C=C H,), 103.47 
(C=C H), 79.68 (C-OH) , AOVGL) § 4096232 35. 203051) 7295508.535,8207235; 
ir (liquid film): 3360 (OH), 3080, 1668 and 892 (C=C H,), 1130 


(R,COH) . 
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Synthesis of 3-Me thy 1=3 -viny Icyclohexanone 


To a stirred suspension of cuprous iodide (22.85 g, 
120 mmole) in 100 ml of tetrahydrofuran, hexamethylphosphorous 
triamide (44 ml, 39.19 g, 240 mmole) was added dropwise 
keeping the temperature below 25 by means of a water bath. 
The mixture was cooled to -78° (crystallization of cuprous 
i1odine-phosphine complex occurred) and a solution of 
vinyllithium in THF (77.4 ml, 240 mmole, 3.1M) was added 
during one hour. At this temperature 3-methy1-2-cyclohexenone 
(6.6 g, 60 mmole) dissolved in 70 ml of THF was added drop- 
wise Over one hour. The mixture was poured into saturated 
NH, C1; filtered through celite and the solvent removed in 
vacuo. The residue was dissolved in ether and the solution 
washed with water, 5% H,SO,, and NaCl saturated solution. The 
dried extract (Na,SO, ) was concentrated at atmospheric pressure. 
Fractional distillation afforded 4.98 g (60%), bp 77-78°/10 mm 
of 3-methyl-3-vinylcyclohexanone, ne P466Ge. ar (liquid: fii) 
1710 (C=0), 990, 910 (C H=C HH); mur s?> 6) 5 .5-6;0»(m, dH) )¢.8=C Hy, 


4.78-5.2 (m, 2H) C H=C #,, 2.1-2.5 (m, 4H) C #,-C-0-C #,, 1.5-2.1 


2? 


(m, 4H) C HC H,, 1.1 (s, 3H) C H.,; mass spectrum m/e: 138.1045 


» 33 
(Caled. for CoH, ,0: ESS LOST Wee Looe) 25( 45). 2959 Sie Ol (7 )4 
45(55). Anal Caled. for CoH, 40: Cue imeo sate Le Gee rounds) AC, 
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For simplicity, the structure H-C=C-C HMgBr will be employed 


for the Grignard reagent of propargyl bromide. However, it 


has been determined, on the basis of ir, proton® and Te nmr’ 


evidence that this organometallic has an allenic structure, 


C H,=C=C HMgBr. 
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